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Introduction. 


LECTRONIC is a term applied to a variety of 
) eee the action of which has to be explained 
in terms of the behaviour of electrons. These 
devices include as their most important members 
hot-cathode vacuum and gas-filled valves, cold 
cathode gas-filled valves, rectifiers and cathode-ray 
tubes. Electronic apparatus and the techniques of 
using them have become basic to telephone speech 
transmission over all but the shortest distances. In 
the switching field, although the basic techniques of 
using electronic devices have been known for many 
years, practical = ation is not so advanced as in 
the transmission field. Nevertheless, even before the 
recent war, there was a movement in the direction of 
replacing heavily worked mechanical switches by 
electronic switches in order to increase the reliability 
of the switching, and during the war this process was 
accelerated, notably in the direction of fully electronix 
computors which reached giant proportions. This 
work greatly advanced the knowledge and practical 
experience of electronic switching devices, one of the 
results of which was an increased confidence in the 
ability of electronic switching apparatus to compete 
with electro-mechanical apparatus in cost and rm 
liability 
Since the war, attention has been given by tele phone 
engineers to the possibilities of partially or fully 
electronic automatic telephone exchanges, and it ts 
not inconceivable that the systems of the future will 
be fully electronic. There are already in operation 
systems in which electronic devices are incorporated 
to control electromagnetic switches which carry the 
speech ; the use of electronic devices as controlling 
elements in automatic exchanges is fairly well known 
and understood. The switching of speech circuits by 
the same means is known and practised in relatively 
simple applications, such as echo-suppressors, but the 
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knowledge needed to switch and control speech 
circuits on the scale essential to a fully electronic 
exchange is only just beginning to emerge. This 
article discusses possible means of solving these 
problems. 

Teternone EXCHANGE Switcn 

A telephone system is built up of exchanges which 
are interconnected by groups of transmission lines, 
and to which the subscribers’ lines are connected. 
Manual board and other non-subscriber lines will be 
treated as subscribers’ lines for the present ; 
A number of connections can simultaneously exist in 
the system, each connection comprising a bothway 
communication path from a subscriber's station over 
a line to an exchange, then either over another line on 
the same exchange to another station or over any 
number of junctions in series to another exchange, 
thence over a line connecting that exchange to another 
station. The establishment of a connection is a com- 
plex problem of switching and transmission. 

For the present, we will consider only that part 
of the problem which is concerned with bothway 
speech transmission from one station in the system to 
any other. This can be reduced to the ofa 
single exchange, as shown in Fig. 1. rectangle 
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Frio. 1.—~Tee Tyres oF ComNECTION WaIcH can BE MADE 
m a Stwoce Excunance 





an tage ape eh 

lines and to which unctions 

fon Pay —— by fi a J2, are 

connected. problem of connection of 

to any other is solved if (1) any station 

line can be connected to any other station 

line terminated on the same exchange as 

first, (2) any station exchange line can be connected 

at least some of the junctions in every group of 

ion lines, and (3) sufficient junctions and means 

Semeeaeians Hee Gupetber ere sooeind to enetls 08 

connections to be made simultaneously as may 

. In Fig. 1 the loops Li, L2 and L3 

represent the connections which may be made within 

the exchange. In a manually switched system the 

loops are plugs and cords ; in an automatic system the 

are provided by switches. 

' one large th, capable of accom- 

all the subscribers’ lines and the junctions 

all the necessary connections between 

them, suffice, but is not practicable. It is 

well known to use smaller switches multipled in 

ranks, with the ranks in series, to produce the effect 

of one large switch. The size of the smaller switches 

ines the numbers required in each rank and 

the number of ranks. This question is important 

to the economics of any system. Its influence is 

indicated in the following discussion, which refers 
only to the talking paths through switches. 


Element Switches. 

An “ element switch " may be defined as a switch 
not ees division into smaller parts and having 
the om money — 

(1) Two distinct sides. 

ts On one side, N sets of terminals to which 
speech circuits may be connected, one to each 
set of terminals. 

(3) On the other side, M sets of terminals to 
which speech circuits may be connected, one 
to each set of terminals. 

(4) When suitably controlled, the switch will 
connect any set of terminals on the N side to 
any set of terminals on the M side, and many 
such connections may be made simultaneously 
up to the limit of N or M whichever is the 


less. 
To be sure that the idea of an element switch is 
clear, consider a number of examples from existing 
tice. A single 100-point Strowger switch with its 


has a wiper side and a bank side. The wipers 
ide one set of terminals, ic. N <— 1, which can be 
connected to any of the 100 sets of bank terminals, 
ie. M = 100, and the limit to the number of such 
connections which may be made simultaneously is 
set by N = 1. Similarly for a 25-point uniselector, 
N « land M = 25. Fora relay, 
having make contacts, one set of 
terminals is provided by the make 
ings and one by the lever 
mo ah N = 1, M = 1, and only 
one connection can be made. 
Fig. 2 is the symbol which will 
». be used for an element switch hav- 
eer teen. ing N sets of contacts on one side 
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Pic. 3.—-Two Ex.emenr Swrrenes Mveuriecap tro Maas 
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and M = 3 are shown with the M-side terminals 
multipled together. i 
indicated by the dashed-line rectangle, is a 4.3 switch 
made up of two element switches. With «x element 
switches all multipled ide, 
resultant would be a sN.M switch. If y of the <N.M 
switches are multipled on the xN side, making a total 
of xy element switches, then the resultant wouid be 
an sN.yM switch. Clearly, switches may be made as 
large as we arpa erpes 5 oo gpr abate jose 
being adapted to make and break an ical speech 
circuit. 

Again illustrating the t from current practice, 
ten 100-point Strowger (1.100 element) switches are 
commonly multipled on their bank sides to form a 
10.100 switch, and then into a larger switch by further 
multipling on the bank side. One 200-point Strowger 
switch is formed by taking two 1.100 switches (two 
100-point banks and two sets of wipers) and mult‘pling 
the wipers. The fact that in practice the wipers 
switched and not obviously multipled is due to the 
mechanical construction of the switch, which compels 
both sets of wipers to move together. If the wipers 
could be moved independently, multipling of the 
wipers would suffice. A cross-bar switch is built up 

y Li element switches, 
multipled first into 1.10 switches and then into 10 10 or 
20.10 switches. 

These two examples illustrate an important point. 
To provide a 100.100 switch from Strowger element 
switches requires 100 element switches. To provide 
@ 100.100 switch from relays requires 10,000 relays, 
which is much more e a . Hence 1.1 element 
switches are at a grave di 
extremely cheap. S$ 
monly multipled into smaller units than 
element switches, with the result that a greater 
ber of ranks of switches is necesary for a gi 
exchange. 10,000-line Strowger exchanges 





1 ine finders and three ranks of switches ; 

he same size of cross-bar exchange may have ten 

; . Even with the advantage that 

one connection can be set up through one 

switch, it is difficult for cross-bar systems to compete 

economically with systems based on larger element 
switches. 


Evecrronic Excuance Swircnes Usinc Muttirtep 
Evement Swircues 
A convenient starting point in the quest for an 
electronic exchange switch is the examination of all 
electronic devices which can be made to make and break 
an electrical speech circuit; an exchange may be 
built using any such device, although other questions, 
= economics, will enter into the final choice. 
ief among the stated devices are valves, gas- 
disc: tubes, cathode-ray tubes and rectifiers 
Exam of the use of these devices are the following. 
Fig. 4 shows an element switch using a vacuum 


Fr. 4-—Etemenr Swircn Usinc a Vacuum Vatve 


valve. A and B are the input and output terminals 
respectively, and C is a control lead. When the 
potential of C is a suitable negative value, A is 
electrically connected to B, and when its potential is 
more negative, A is electrically disconnected from B. 

Fig. 5 shows a 2.2 switch built up of four element 
switches, in which inputs Al, A2 can be connected to 
Bl, B2 by controlling voltages on the leads Cil, C12, 
C21, C22. These switches have to be duplicated to 
provide transmission in both directions; trans- 
mission can be made very satisfactory by negative 
feed-back. The disadvantage of the switch is that it 
is composed of 1.1 elements which are not cheap 

Fig. 6 shows an element switch in which A is 
normally disconnected from B, but can be connected 
by causing a disc to take place through the gas 
disc tube GT. The discharge can be started and 
st by a suitable control voltage applied to C, the 
discharge once started being maintained by the 
battery E, and the current controlled by the resistor R. 
The capacitor, K, provides a low impedance loop cir- 
cuit for the speech currents. Means of multipling the 
element switches can readily be seen. There are no 
hot cathodes to absorb power continuously, and the 
elements are relatively cheap. Transmission, which 
can take place in either direction, has to take account 
of the noisy and non-linear nature of the conduction 


through the gas. 
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gas 
disconnected from, or connected to, B in dependence 
on Oe TE ee ee below earth 
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potential. Again transmission can take place in either 
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Fro. 6. —E.ament Switcn vsiwo « Gas Discuancs Tune. 








direction ; the rectifier is not noisy, but it is non- 
linear in its conduction and care is needed to preven 
distortion of the speech currents. : 


Qa 


— a - , 
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. & shows a cathode-ray tube having an input 
_ A, to modulate the beam current, a number of 
contacts at the screen end of the tube, each contact 
being brought out to ar output, B, and a set of 
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Pic. 6.—-Euamenr Switcn vstwe 4 Catwope- Ray Tums. 


deflector plates, C, the potential on which can be 
controlled to direct the beam to any desired output. 
The number of outputs can be as many as a hundred, 
and there are forms of construction, some involving 
secondary emission, by which bothway transmission 
can be provided by a single tube 

Cathode-ray tubes are expensive, but the fact that 
1.100 element switches can be made is a com- 
pensa advantage to a large extent. Their chief 
dra are that the beam current is limited, so 
that the power which can be transmitted is small and 
considerable amplification individual to each channel 
B is necessary ; and the cathode life is at present too 
short to be economical for a telephone exchange 

The clement switches so far discussed may find 
application in small exchanges, but for larger ex- 
c the multiplex switches, described in the next 
section, may be more economical. 


Exvecrronitc Swircues Using Mutrivcex Evement 
Swircues 

Multiplex transmission can be regarded as a form 

of multipling. Consider the element switch in Fig. 9. 
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An input, A, is connected through a modulator, D, 
to a common channel, E. A second modulator, 
C, may be controlled either to modulate or not to 
modulate the transmission from A back to audio 
frequency, whence A is either electrically connected or 
not connected to B. The modulation can be either by 
a carrier frequency (frequency-division multiplex), as 
in the familiar 12-channel and coaxial systems, or 
vulse modulation (time-division multiplex) as used, 
or example, in many radio links. The control 
applied to C may be the selection and switching 
on and off of the carrier frequency which will modulate 
back to audio frequency the transmission from D if 
it is there the modulation of a carrier frequency ; or 
the selection and switching on and off of a pulse which 
will select the pulse applied by modulator D if the 
input from A is pulse modulated by D. In both cases 
other apparatus not shown in the diagram is needed, 


for example, a filter, after the Cc, 

the wanted audio frequency 

products, and an amplifier 

the level of the output at B to the i 
If, now, a number of terminals mses m4 

with a modulator C (which controlled 
previously described for C) and all terminals 

nected to the common channel, E, then channel A 

be connected to any channel B. If, further, a 

of channels A with their modulators, D, are connected 
to the common channel, E, (the modulators, D, using 
different carrier frequencies or timed pulses to modu- 
late the inputs at A) and if the modulators C can be 
controlled individually to select the transmission from 
any of the modulators D, then any A channel can be 
connected to any B. Two sets of equipment must be 
provided, one for transmission in each direction. 

The terminals of a multiplex switch are expensive 
by comparison with other forms of element switch. 
The advantage of the method lies in this, that to 
produce an «N.vM switch, needs x + y terminals 
instead of x x y element switches multipled in the 
usual way, and for large switches this is economically 
a very great advantage. 

It will be appreciated that multiplex transmission 
introduced solely for the purpose of switching is 
different in several from similar trans- 
mission over long distances, In particular, the 
negligible length of the common transmission path 
means that greater band-width is available with less 
~ distortion and noise. Hence the terminals can 

simplified ; frequency-division multiplexes can use 
wider channel spacings with, if ired, transmitted 
carrier and both sidebands, and time division can use 
amplitude modulation which is generally unsuitable 
for long-distance transmission. Frequency-~division 
multiplex is familiar enough not to need detailed 
description. Time division is not so familiar and is 
described in the next section. 


Pulse Modulation and Multiplex System. 
An impulse is a single brief change of current and 


a pulse is a rhythmic train perce oo te as shown in 
Fig. 10 (a). Fig. 10 (6) shows a ulating voltage. In 


of Jt 3 
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(ce) the wave of (6) is shown dotted and with its 
X-axis on the mean height, also shown dotted, of the 
impulses of (a). The full line shows the impulses 
which result when the impulses of (a) are modulated 
in amplitude by the wave (5). Provided that the 
frequency of the ting source does not exceed 
in theory one-half, and in practice rather less than 
one-half, the impulse repetition frequency of the 
pulse, then the pulse can be demodulated back to the 
original wave (except that it is attenuated) by a low- 
pass filter. A second similarly modulated pulse, such 
as (d), the impulses of which are time-spaced so that 
they fall between the impulses of the first pulse, may 
be transmitted along with the first pulse over a com- 
mon medium and without mutual interference, (¢) 
showing the two pulses of (c) and (¢d) as a common 
transmission. For an electronic exchange switch, 100 
equally time-spaced pulses may be desirable. The 
impulses, instead of being modulated in amplitude, 
may be modulated in a variety of other ways, for 
example, width or position relative to a mean width 
or position, but amplitude modulation is likely to be 
preferred for an electronic exchange switch because of 
its simplicity. 

Fig. 11 shows in elementary detail an element switch 
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Fic. 11.—Sueruiriaep Cincurr of ax ELewenr Swirce verso 
PROVIDE TWO-WAY COMMUBICATION 


using pulse modulation to provide two-way communi 
cation by 4-wire circuit between the channels A, A 
and the channels B, B°’. Channel A, which receives 
speech current from a trunk, is connected through a 
transformer to the grid of the valve V1 which, to- 
gether with valve V2, forms a pulse amplitude 
modulator. The anode of V1 is connected to the anode 
positive voltage supply via resistor Rl, and the 
cathode via a resistor to earth. Valve V2 has its 
cathode connected to the cathode of V1, and its grid 
via a resistor to a positive voltage such that normally 
the valve V2 conducts and raises the cathode potential 


Pvutse MopuLation To 


so far above carth potential that VI is cut-off. A 
negative impulse applied to the grid of V2 cuts off all 
peer pte ening ging alae ene ban! md 

an impulse across the resistor 


. Iti oan eS ore 
to the grid of V2, with no , there 
across resistor RI a pulse to Fig. 10 (4), except 
that it is negati instead of positive, and that 
this pulse will be modulated by any input 
to A. The pulse across R1 has its polarity inverted by 
valve V3 and to a modulator or inckuding va 
V4 and V5, operating to the vi 
and V2. It is to be noted, however, that the input to 
the grid of V4 is a pulse and that only if the impulses 
of the pulse applied to the of valve V5 coincide 
with the impulses of the to the grid of 
V4, is the pulse from V1 communicated to the anode 
of V4, where it is demodulated by the low-pass filter, 
LPF, and then amplified to deliver to B a of 
the in end" Assuming the pulse connected to the 
grid of valve V2 is continuously maintained, channel A 
is connected to B 


of V5 a pulse t with that at V2; 


apparatus as an automatic telephone switch means 
that the pulse applied to V5 must be controlled by the 
switch. 


A transmission path from B’ to 
A’ similar to that from A to B 
can be traced, the pulses connected 
‘. to the grids of the valves V2’ and 
{ V5° being the same as those cor - 
; nected to V2 and V5 respectively. 
In this way a two-way-trans- 
mission element switch is pro- 
duced. If now, further channels 
similar to A, A’ have their 
modulators commoned to the 
commons Cl and Cl’, and the 
was to their valves V2 suitably 

and if further 
Sam similar to B, B’ have 
their modulators commoned to 
the commons C2 and C2’, and the 
pulses to their valves V5 suitably 
controlled, any circuit having 
channels A, A’ can be connected 
to any circuit B, B’. 


Fig. 11 and the accompanying 
description is only one way - 
which a time-division multi 
switch may be constructed. 
are many others. For example, 
rotating beam tubes, in which a pencil or ribbon beam 
of electrons sweeps cyclically over a series of electrodes, 
are known to produce the same result. It will also be 
understood, without detailed description, that an 
arrangement equivalent to Fig. 11 exists for frequency- 
division multiplex, For example, the channels A, A’ 
may be connected to modulators working with fixed 
carrier frequencies and the channels B, B’ to modu- 
lators operated with carrier frequencies selected 
and connected according to the connections to be 
made through the switch. 
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It is also useful to compare 
¢electro-mechanical switches with 
An electronic switch is unlikely to 
facilities of a metallic contact switch that 
from D.C. to a frequency of 
second may be transmitted with- 
, or distortion. It is probable 
cannot be economically con- 
more A.C. power than is 

if. urns of switch will 
ultiplex switches are 

frequency bandwidth 


transmission. 
, however, in that by controlling 


carrier or es or pulse, trans- 

the switch of a signal equivalent to a 

can be achieved, but the power so trans- 

limited. It is, therefore, to be ex- 

speech transmission through 

an ' will nominally suffer neither 

attenuation nor gain, this result will be the sum of a 

series of losses due to attenuating elements and gains 

, with all the attendant variations and 

of such devices. It is also to be ex- 
pected that, because in an electro-mechanical e 

the capacities of the system in excess of 

power and bandwidth capacity needed for speech 

transmission are used for controlling functions such as 

line signalling, ringing the subscriber's bell, and 

his meter, the controlling signals in an 

exchange will be very different from those 

in the electro-mechanical exchanges. 
Many of the ible forms of electronic swit 

provide only unidirectional channels so that 4-wire 

circuits through the switches are unavoidable. In 

effect, 4-wire switching even in local exchanges is, 

therefore, very likely ; in some systems it may prove 

essential in order to counteract the effect of the 
variation in loss or gain through the switches 
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SIGNALLING THrouGH ELgcrronic SwitcHEs 
All electronic exchange switches must, of necessity, 
provide, through the switches, channels or circuits 
capable of transmitting A.C. at speech frequencies and 
; at some cost in money the transmitted 
band can always be extended in one or 
directions, that is, to sub-audio and/or super- 
audio frequencies, and the transmitted ar hentin 
capacity increased to perhaps two or three times that 
needed to carry speech currents. Although some 
electronic exchange switches provide D.C. signalling 
channels as well as A.C. channels through the switches, 
the D.C. channels will not in general carry all the 
signals. The most general problem which is 
presented is that of signalling with A.C. with a 
minimum of frequency bandwidth and power handling 

capacity over that needed for speech transmission. 





Fro. 12.-A Mernoo or Cowrro.iine A.C, ror 
SicwaLiine Purposes. 


generator, G, usually common to a number of switches 
and having one side earthed, is connected through a 


secondary connected to the signal . 
supplies no current to the circuit, rectifier QA has 
current through it in its low resistance direction ; the 
rectifier, OB, is biased to its high resistance condition. 
The attenuation between the generator and the signal 
channel is thus high, 60 db. or more. If 
now the potential of lead C becomes sufficiently 
witive with respect to earth, rectifier becomes 
to its high resistance condition, QB to low 
resistance. The attenuation between the generator 
and the signal channel is thus low, a few decibels 
perhaps. This element requiresa D.C. controlling signal 
to control an A.C. transmitted signal. If the con- 
trolling signal is itself derived from an A.C. received 
signal from some other part of the system, rectification, 
possibly after amplification, of the received A.C, 
signal, will produce the required D.C. controlling 
signal 


Detection of signals is a matter of recognising the 
signals and producing from them the currents or 





ition of an A.C. sgnal may 

if more than one signal 

can be received over a channel. The received A.C. 

signal may be usable as such, or it may need to be 
t - : ¥ ! 


ification of A.C. signals is simple with 
hot-cathode valves. Amplification of D.C. signals may 
be directly by hot-cathode valves used as 
cathode followers, or sometimes by cold-cathode tubes, 
and indirectly by 
ing and recon to D.C. 

The purpose of the illustrations which have been 
given is not to discuss all the possible ways of signalling 
through electronic switches but to indicate that, 
because A.C. can be readily converted to D.C., D.C, to 
A.C., and either amplified, it is almost a matter of 
indi whether the switches will transmit A.C 
or D.C. at low or high power. It would be a matter of 
indifference if cost and complication did not enter 
inte the question, and the practical problem is to 
keep these factors within acceptable limits. As an 
example of the sort of problem presented, and a 
possible solution, a circuit arrangement for sub- 
scriber’s equipment is shown in Fig. 13, this circuit 

ing based on the assumption of 4-wire switches 
ca of transmitting only low power A.C. but with 
a frequency bandwidth greater t that needed for 

In Fig. 13, A and B are the two wires of a sub- 
scriber's line. A speech path exists from these two 
wires, through the hy transformer Tl and 
capacitor Cl, and low-pass filter FT1 to the transmit 
channel of the 4-wire circuit through the switches. A 


converting the D.C. to A.C., amplify- 
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transformer T2 and is 

17 c/s source, on the half- 
tube GT1 will fire if the primer is 
and on the negative half-waves of which 
will ext ish. Hence, on receipt of a 
the tube GT1 will conduct during t 
each cycle from the 17 ¢ 

tube will be exti 

that the ringing will cease 

operating on the 
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by 
which sends out A.C. si 
by voice currents from 
the filters. . 
The sane ie 13 is a relatively 
plicated and expensive to the 
subscriber's equipment. It can be simplified 





can transmit a D.C. signal, or if separate 

paths through the switches are 

ant point is to. show that sub- 

action signals can be transmitted through the 

as well as speech currents. It is not then 

to imagine a complete system consisting of 
subscribers’ lines, and ranks of switches in series, over 
which connections can be set up and controlled, and 


controlling signals may cause the required connections 
to be made is a separate study. 


Book Reviews 


" Electronic Circuits and Tubes.” by the War Training 
Staff of the Cruft Laboratory, Harvard University 
McGraw-Hill Publishing Co., Ltd., London. 048 pp. 
Ate 


This book has been prepared from the lecture notes of 

4 special wartime training course given in the Graduate 
School of Engineering, Harvard University. It was 
originally intended to publish the entire lecture material 
in a single volume, but because the single volume would 
have been inconveniently large, and also because a 
tye of the manuscript was completed carly, that part 
been published in a separate volume entitled 

” Transmission Lines, Antennas and Wave Guides.” The 
present volume is intended as an introduction to the 
volume pubiished earlier, Eleven of the original twelve 
members of the wartime lecturing staff are authors of 


the t work 
There ave in all twenty-four chapters and four append 
ices. The first nine chapters deal with A.C. theory, im 


pedance matching, coupled circuits, filters and Fourier 
— The next cight deal with valves, amplifiers, 
oscillators and power supplies all using val ves of the normal 
type and not those associated with radar and wave guide 
techniques. Six chapters deal with modulation, detection 
and radio receivers ; here again the frcquency range of 
the equipment discussed is limited and is concerned 
almost entirely with receivers of conventional types. The 
final chapter deals very thoroughly with timing circuits 
such as those used in radar. The appendices review 
Mathematics and Electricity and Magnetism 

One would have expected a volume dealing with 
electronic circuits and tubes to have dealt with the circuits 
and tubes normally associated with radar and wave 
guides, but it does not. There is only one brief reference 
to a magnetron and apparently no reference whatsoever 
to the other types of valve which are used at frequencies 
suitable for wave guides 

Although much is left out and the book suffers from 
different styles due to the numerous authors, the work 
is very thorough. There are several typographical errors, 
the most noticeable being the repetition of Pig. 4.1 of 
Cc er Ll as Pig. 4.1 of Chapter [1 

book is stated to be for juniors and seniors of 

colleges and engineering schools, but it is considered to 
be of more use as a book of reference for those parts of 
the subject which are dealt with so thoroughly 
H. T. M 


An Introduction to the Theory and Design of Electric 
Wave Filters’ Second Edition. F. Scowen, 
B.Se., A.Inst.P. Chapman & Hall, London. 188 pp. 
70 ii. iS 


The design of electric wave filters is a very complex 


and finer points of design; these, indeed, are hardly 
likely to become working tools of any but the specialist. 
Yet there is much that the non-specialist communication 
engineer can do in preparing his own filter designs, and it 
is for this purpose that the present book was written. 
The author has had considerable design experience at 
the Post Office Research Station, and his book, which is 
concise and clearly written, should be at the elbow of all 
engineers who wish to produce workmanlike designs for 
themselves 

Despite the more recent contributions of workers such 
as Cauer, Bode and Darlington and the high degree of 
precision which they have made possible, it is a fact that 
most practical designs are even now based on the work 
of Zobel, published mn 1923. The underlying principles of 
Zobel's methods and many practical hints in their 
application form the main subject matter of the present 
book. There is no need for flights into the realm of 
advanced mathematics to absorb all that is necessary for 
“ bread and butter ” designs, and the necessary intro- 
duction to complex numbers and h functions 1s 
amply covered in the first chapter ; this is followed by an 
introduction to the necessary basic electrical theory. A 
chapter is devoted to practical hints on construction and 
includes much useful information on the properties of 
component reactors as well as on the methods of 
measurement and adjustment of both components and 
complete filters 

The main additional feature of the new edition is an 
introduction to the ign of filters on an insertion-loss 
basis, to which Darlington has made major contributions. 
Although the author has done much to present the 
problem and some of the means of solution in a simplified 
form, this, in the reviewer's must be regarded as 
a contribution to the anal aaeeinen of the student 
rather than as extending the design facilities available 
to the non-specialist engineer. At the present stage of the 
art, at least, design on an insertion-loss basis is a job for 


the specialist 
R. J. H. 





Local Line Plant: Pair aig A. MORRIS, ance. 
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Introduction 


HILST post-war years have seen an 

exceptional increase in the number of 

telephone subscribers, the demand for 
service continues at a very high level. Restrictions 
on capital expenditure have limited the local line 
plant expansion necessary to meet such a demand 
satisfactorily, and the large addition to the number of 
working lines has been achieved only by depleting 
the spare plant. Whereas the number of distribution 
points increased approximately from 343,000 at 
December 1939 to 434,000 at September 1049. the 
percentage closed to service-extension rose from 
17 to 31 per cent. over this period. The development 


of two-party shared service and the cabinet and pillar 
system of local line layout have served, to some 
extent, to offset the unsatisfactory spare plant 
position, but the present demand is so high in 
relation to the current supply of additional exchange 
to-D.P. pairs that there would seem to be no prospect 
of short-term ee of the position 


Line plant cable pair appropriation cards are an 
essential engineering record for the purpose of noting 
the identity of cable pairs at their terminals. They 
are used for circuit routing and maintenance purposes ; 
they also give information as to the addresses and 
telephone numbers of subscribers. In order to over 
come the difficulties of providing telephone service at 
the present time, and to ensure that priority and 
shared service requirements are met, extensive sales 
machinery has been developed. Its operation is 
based upon an elaboration of the line plant records, 
which are required additionally to display con- 
siderable information in the form of code markings, 
relating solely to the detailed business of giving 
service. 

The extent to which all the line plant provided in a 
telephone system can, in fact, be made use of and the 
speed with which it can be brought into service 
depend upon the accuracy and completeness of the 
spare plant records. At the same time, efficient 
maintenance necessitates clear and correct details of 
working circuits. Much attention is given to this 
subject in other countries and it is of interest to 
note that a booklet issued by an American telephone 
company so far back as 1927 stressed, ‘in no uncertain 
terms, the great value of adequate and accurate 
records. 

So far as the trunk plant is concerned, the im- 
portance of record work is well recognised. This is 


* Mr. Morris is Staff Engineer. Local Lines and Wire Broad 
casting Branch, Engineer-in-Chief's Office and Mr. Dolan 
Executive Engineer in that Branch 


extreme degree and is, in the main, carried out by 
minor staff. Furthermore, the plant circuit 
is very much lower than that for circuits. 
Nevertheless, the total value of the local line plant 
amounts to the enormous figure of {130 millions— 
some 50 - cent, greater than that of the trunk and 
junction line plant-—and the routing processes in the 
two cases differ little in intricacy, except that whereas 
trunk lines in general are simple exc to-exchange 
links, local cable pairs are exchange-to-D.P. links, the 
latter terminals being widely dispersed territorially. 
It is the object of this article to direct attention 
to the extreme importance of accuracy in the recordi 
of local al po to emphasise the impairment 
even waste of effort which would result from errors and 
omissions, and to stimulate an even greater interest 
in the work of compilation and upkeep of these records. 
Whilst the staff actually —s and using these 
records are given special training for the work, yet 
in present-day circumstances and in view of its 
importance, a statement of the problems involved 
will, it is thought, be of general interest. 


Brier Descrrrrion or Recorps Anp Rovtine 
PROCEDURE 

The following brief description of the system of 
records employed in the a iation of local cable 
pairs in this country will be helpful in the later dis- 
cussion of the general subject. Particulars of the 
terminations of working pairs in subscribers’ cables 
and of the availability of spares constitute the essen- 
tial basic information for the main- 
tenance of telephone service. A simple, direct and 
complete record system is desirable. A standard 
method of card recording is employed throughout 
the country, and considerable study has been given 
post-war to the t of records for the 
cabinet and pillar system of plant layout. The cards 
are held at festalletion Controls and are used there 
by Routing Officers in the general day-to-day business 
of cireuit routing and provision of service, A typical 
Installation Control is shown in Fig. 1. 

For a D.P. connected direct to the e 


, the 
exchange and D.P. terminations of all cable pai 
from the D.P. are given on one card designated the 

6y 





Card Description PO.Code Size 
D.P. card A26555 8 in. x Sin. 
Branch Cablecard A2550 i 

Pie. L.A Tyrevcat Inerantation Cowreot. Main Cable i Ag A 


“DP. card.” This card also exhibits 
information relating to shared service 
connections as well as elaborate mark- 
ings required in. connection with the 
present-day joint sales and engineering 
organisation for provision of service 
The card is shown in Fig. 2 

The «@ lation of pairs in sub- 
scribers’ ca networks involving 
cabinets and pillars is normally made 
on three cards which show the relation- 
ship between the terminals of the 
distribution, branch and main cables 
and are known as “ D.P.,"" “ Branch 
Cable” and “Main Cable” cards 
respectively. Additional cards are 
employed for indexing and for the 
recording of multiple-teed cable pairs 
and link-cable pairs. 

The procedure for allocating pairs for 
circuit provision will depend on whether 
pairs have been pre-pinned or pre 
jumpered at cabinets and pillars. It 
is envisaged that ultimately the bulk 
of cable pairs will have been so arranged, 
and in that event allocation is a rela- 
tively simple process ; a spare pair is 
traced through from the D.P. card via 
the Branch and. Main Cable cards to 
the M.D.F., the circuit number or 
reservation symbol R then being entered 
on all three cards. Where circuit pro 
vision is dependent on the selection and 
connecting together of pairs in the 
distribution, branch and main cable 
networks, the pairs are selected so that 
bridging-pins rather than jumpers can 
be used for setting up the circuit ; this 


applies particularly to cabinets where j 
jumpering capacity is limited In 5. 2—D.P. Carp, Frowr amp Back 


70 


























A OP CARD B~BRANCH CARE CARD CMAN CABLE CARD 
Fre. 3.—Use or Canns ror Vasious Lavovurs or Prarr. 


Code Markings. average, would result in a 
In addition to details of the termination and £0-65 million. 
jumpering of cable pairs, and the circuit numbers 
addresses of working subscribers, the D.P. card 
i service provision information, in the 
letterings. For example, a subscriber 
service knowing that he has an obliga- 
ion to share his line is marked as a Potential Party 
bscriber, the letters P.P. being entered in the 
provided for that purpose on the D.P. card. 
t of such service provision markings of 
be gathered from the following list 
A subscriber who by the terms of his 
agreement is liable to accept shared 


Service. 
A subscriber who has been given exclusive Wwute ("a 
service without agreeing to share, but has 


been warned that his agreement will be RON | 99 ene ws Sed ail ocd aad 





terminated if he refuses to share when 








~_+-—- - - 





i if 
872,975 | 376.721 | 984.576 sor.sns| c1aseo| conees 


discontinued. } Total No. of D.Ps 


called upon to do so. [This code is now -——--- 
Reservation of pair for applicant. soe ipo aa 


Reservation of pair for a probable essential ot Tous | 
t. DP se with aot) 
Indication of the existence of waiting 
icants at the D.P. 
Advice has been given to Sales Division 
that a spare pair or sharing facility is 
available. 
Shared service installation at which 
ringing is effected without wiring changes 
to the multiple or calling jack at the 
exchange. 
Shared service installation at which 
wiring reversals to the multiple or calling 
jack at the exchange are required for 
ringing. 
NEED FoR ACCURACY 
Before dealing with the circumstances which lead 
to errors in recording, and prior to the discussion of 
means for preventing such discrepancies, the magni- and the exchange, provided under 
tude and significance of the broad issues involved in schemes, should be available for use when required. 
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Secondly, speed in the amignment of available 
facilities is essential for the smooth running of the 
provision-ol-service organisation. In so far as long- 
term utilisation efficiency is concerned, the matter 
resolves itself into economic considerations of a 
similar nature to those employed when the plant 
ie Teiies diene of exon tn D.P. cards and 
other records, in so far as day-to-day provision of 
service is cannot be over-estimated. In 
the present circumstances of plant shortage and 
pressure of demand for service, it is imperative thet 
the information ——* between Sales and Engineer 

ing be correct. If a apare 
service y were ees as available on the records, 
when in poe A fact it did not exist, the subsequent 
furnishing of incorrect advice to the applicant might 
result in a commitment to provide service at con- 
siderable expense. The interchange of information 
between Sales and Engineering Divisions in relation 
to the provision of shared service is considered 


subsequently. 


Planning. 

Whilst care has been taken to ensure as ——? 
system as possible, the records required for cabinet 
and pillar layouts are necessarily more detailed and 
extensive than those hitherto employed. In addition, 
the multiple-teeing of cable pairs in main and branch 
cable networks has necessitated the introduction of 
special records, As a consequence, more attention 


and effort is involved in maintaining a high standard 


of accuracy. 
The planning of new development schemes is based 
upon card records relating to the working and spare 


components of the existing plant. It is obvious that 
the field staffs would experience difficulty in the 
execution of the planned work if errors were carried 
forward into the cable pair jointing and diversion 
schedules. A severe restriction would be imposed 
upon local line development planning if little or no 
reliance could be placed upon cable pair appro- 
priation records; detailed jointing and diversion 
schedules could not then be made. Errors in the 
records would give rise to /lifferences between the 
number of cable wires actually changed over and the 
number estimated. In such circumstances, plan- 
ning could only be carried out on a broad basis ; 
departures from estimate upset the planned stores-to- 
labour ratio, and close budgetary control would 
become impossible. 


Shared Service. 

The procedure for the provision of two-party 
shared service is largely based upon and necessitates 
an extension of scope of the engineering record 
machinery. The various code markings which, in 
this connection, are entered on D.P. cards have 
already been listed. In order to meet the circum- 
stances brought about by the acute shortage of plant 
an involved provision-of-service procedure is necessary 
to ensure the interchange of all necessary information 
between Sales and Engineering Divisions. The 
omission of a marking from the D.P. card may result 
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facilities available. 


Spare Plant Return. 

A revision of the procedure for recording 
pairs in subscribers’ cables has been necessita 
the introduction of flexibility based on cabinets 
pillars. These have the effect of sub-dividing 
cable systems into three sections, “3 the 
branch and distribution networks. The old 
provided complete information ee Eg 
pairs through from D.P. to exchange F 
record, whereas the revised return which will 
its first appearance in September, 1950, will provide 
information as to the spare position in each section 
of the network. The return will be derived from the 
cable pair appropriation records, and its primary 
object will be to provide a check on the adequacy 
plant in the various sections of the network. As a 
secondary function the return will provide data for 
Regional control purposes and for statistical require- 
ments at Headquarters. 

Because of present-day restrictions on capital 
expenditure, the spare plant position, which is a major 
factor in deciding the question of a i 
to be carefully as This will 
if the fundamental information provided on the 
cable pair appropriation cards is complete and 
accurate 


Sources or ERRor 


There are many paths by which errors can be 
conveyed to records and it is necessary to consider 
them in some detail. Firstly, errors may be intro- 
duced in the initial preparation of records due to 
clerical error or due to errors in the cable pair jointing 
schedules from which the records are compiled. 
During its life the information contained on a card 
record is continually changing due to the addition of 
new subscribers, recoveries, codings for provision of 
service conditions, etc. Errors may arise from an 
inadequacy of information or from a failure to record 
the details supplied 

The interchange of information between Sales 

and Engineering Divisions during the day-to-day 
business of providing telephone service makes it 
necessary that the information incoming for record 
purposes should be complete and accurate. Further- 
more, the efficient team-working of field and record 
office staffs has to be ted by a mutual under- 
standing of the difficulties caused if, for exam 

a cable pair other than the one assigned were en 
to give service to a new subscriber. 

Duplication of records is most undesirable as an 
differences in the details recorded increase wi 
time up to a stage when neither can be relied upon 




















as accurate. Indifferent attention to neatness and 
legibility when entering information on cards will lead 
to errors, as also failure to ensure that cards 
are kept in good condition in suitable accommodation. 

War damage to local line plant and improvisation 
of plant to meet war conditions have of themselves 
led to unavoidable errors in records in this country, 
and estimates of the accuracy and completeness of 
post-war records varies widely between Telephone 
Areas. War repairs to cables have led to not incon- 
siderable errors despite the steps taken at the time to 
locate and identify cable pairs in the field; active 
steps have also been taken in post-war years to find 
“lost” pairs. It will be appreciated that where 
there is doubt as to the accuracy of the records, 
numerous checks, by way of survey work in the field, 
may be necessary. 

Fietp TRIALS 

The detailed methods employed in the preparation 
and maintenance of records in any Area will depend 
to some extent on the organisation existing in that 
Area for local line plant planning, provision and 
maintenance. In order to assess the relative merits 
of differing organisations in so far as final record 
accuracy is concerned, and to identify the major 
sources of record errors, experiments are being under- 
taken in the Glasgow, Peterborough, and Reading 
Telephone Areas. An investigation will be made in 
each Area to check the accuracy and completeness of 
information forwarded to Installation Controls for 
entry on local cable pair appropriation records, Le 
sample checks of recorded information shown on 
Advice Notes, Diversion Schedules, and Jumper 
Connections at M.D.F.s will be made against the 
actual conditions in the field as shown by physical 
inspection of the plant. Sample checks of records 


after the replacement of faulty lengths of cable will 
also be included. 








c omcluston. 


code 
Sales 
(including shared service). 
the record has been modified to suit See 
layouts resulting from 
local line planning 

that in the present circumstances of acute 

of line plant, all staff concerned sy acute hora 
have a clear appreciation of the part records play 
in the present-day business of providing telephone 
service and of the importance to be attached to the 
need for adequate and accurate records, It is 
obviously in the interests of the officer holding the 
record or supplying record information not to make 
clerical errors; likewise, it is in the best interests 
of an engineering officer in the field that he should 
never appropriate a spare pair on his own initiative, 
when a call to the record officer would secure a pair 
which would be marked as assigned. 

Adequacy and in local line records can 
only be achieved by consideration being given to all 
aspects of the matter of routing pairs for telephone 
provision and maintenance purposes, Accommo- 
dation for staff, type of staff, training of field staff 
in a knowledge of, and appreciation of, the im 
of records are but a few items which necessitate the 
continued active interest of the staff concerned with 
the telephone service. 
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SINGLE WIRE MILEAGES AS AT 31 DECEMBER, 1949. 
EXCLUDING SUBMARINE CABLE 








OVERHEAD 


REGION 
Junctions 


6,145 6,500 


Northern Ireland 


Scotland - 11,852 27,190 
Home Counties 366) 11,715 
Midland 1,652 19,269 
North Eastern 2 305 12,174 
North Western 830 5, 785 
South Western 1,257 21,179 

14,007 


Welsh and Border Counties 2,742 
Provinces ‘ as 27,252 119,900 
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London 
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United Kingdom 
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Subecribers® Subscribers] 
s412 | 114,621 ba 47,336 147,421 
218,4562 | 819,67) | 341,624 932,135 
388,379 2,030,501 | 600,277 1,568,324 
242,510 1,145,773 364,371 1,125,416 
208,536 926,712 360,702 1,100,428 
124,379 733,012 420,978 1,318,039 
200,578 104 Sit | 224,382 867,904 
168,471 520,753 142,342 


1,680,117 7356,704 | 
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© Lactudes all spare wires. 


¢ AB wires (mchuding spares) in MU Cabies | 
© AM wwes ‘mciuciag spares, in Subscribers’ and mused juection 



























ANY measurements of alternating quan- 

tities the use of an instrument 

which give a true rms. indication. 

If attention can be confined to sinusoidal waveforms 
almost any form of meter can be used provided it is 
calibrated. For example, peak-reading or 
thermionic voltmeters are commonly 

correct r.m.s. indications are given 

for a sinusoidal input. If a complex waveform such 
as noise or speech is to be measured it is often desirable 
to the results of measurements as r.m.s. 
and an accurate square-law meter is then 


When the highest frequency of a component having 
appreciable magnitude is not greater than a few 
hundred — per second, moving-iron or electro- 
dynamic 


ruments are suitable. Moving-iron 
meters are being developed for use at audio fre- 
quencies up to a few thousand cycles per second but 
none is yet available. Accurate measurements of 
complex waveforms may be made at almost an 
frequency by means of a thermo-couple meter. 
pared ga geen Rag reliable provided it is used 
, but rom liability to damage by 
accidental overload. This is a particularly trouble- 
some feature if the r.m.s. value does not remain 
constant over a period, say, of ten seconds, sufficient 
to take a reading. 

Wher2 speech or variable types of noise are con- 
cerned the r.m.s. value of the waveform is a function 
of time and also of the interval over which the wave- 
form is in ted (integration period), The inte- 

of a thermal meter is controlled mainly 
by the thermal capacity of the couple element and 
cannot be reduced below a value a a few seconds. 


The in tion pores may be defined as that 
davies be which a steady input must be applied 
to ensure that the meter gives a maximum indication 
2 di, lower than the indication which would result 
wer the same steady input applied indefinitely. 
The measurement of speech or noise levels (either 
acoustical or circuit noise) requires the use of meters 
having integration periods of the order of a few hun- 
dred milliseconds. This excludes the thermal t 
of meter. Thermionic valve circuits are avai & 


¢ Engineers, Research Station 
* Harbottle, H. R. “The Circuit Noise-meter (Psophometer) 


and its Applications,” /./.£.8., Vol. 83, p. 261 (1938) 
* Hoss, H. McG., and Shoffrey, A. L Aa Electronic 
Square-Law Circuit,” ] Se. Inst. Vol. 25, p. 200 
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necessity of setting the zero of the indicating 
ment. If 4 is the instantaneous current 
D.C. milliammeter and » is the applied in 
the characteristic of a valve circuit 
i=A + Bo* over a sufficient 

B are constants. The zero 

balance out A. A 

rectifier network 

milhammeter) offers 


' 


r.m.s. reading given by a meter having an i 
period of 0-1 second (e.g. speech voltmeter). 
comparison is made with a r.m.s. meter having 
integration period of more than about two seconds 
peak/r.m.s. ratio may be as much as 11 db. 
pvc wingplierhgpemee se oag age wine i 
carbon granule transmitter. is wide 
instantaneous values relative to the r.m.s. 
makes it necessary that the 


Fee 


iy 


a 
of 


Hu 


r.m.s. reading to 11 db. above it is desirable. Over 
this range the instantaneous current should not 
depart from its correct value by more than 10 per 
cent. For a in i meter a total 


tegration-period 
range of some 40 » Oe 
of speech waveforms are to be ined accurately. 
Basic Sguare-Law Crecurr wir Merat Recrirrers 


The basic circuit for w rectifier networks 
is shown in Fig. 1, where 
meter load resistance 
resistance. For practical 
circuit used would be of the 
employing a bridge network. Only the forward 
direction of the rectifiers will be considered and for 
this direction the current/voltage characteristic of a 
typical cuprous oxide metal rectifier the 
Post Office C-type, } in. diameter disc) is 
to logarithmic scales as curve (3) in Fig. 2. It will be 
seen that the slope is steeper that 
to a square-law over most of its range, and only 





square-law over small 
10 mA. Increasing the 
the effect of moving the 














Pre. 1.—Basic Ciacutt of Sguane-Law 
Recrivizz Networx 


characteristic curve bodily upwards along the current 
axis, while connecting several discs in series shifts it 
to the right. The slope of the curve can only be 
eos by combination with resistive elements—for 

Po anthro resistance (including source and load 
epeheuls aude the characteristic at high cur 
rents. Changes can also be effected at lower currents 
by the novel principle of using several rectifier ele- 
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Frio. 2—Gararascat Sywrussis oF Basic Squars-Law 
Recririzxr Networe 
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bridge is type MBH 4-3-1 (P.O. 
} in. diameter discs in a moulded bakelite case 
permits extra tags at the junction of each pair of 
rectifier elements). 


ute 





























Fig. 3 —Ampcipier anv Ractiviee Ciecurt ov Psornomerza. 


The waveforms of noise which a 1s 
required to measure necessitate a accuracy of 
+5 per cent. for a sinusoidal input from 0-4 to 
2-5 times that for full-scale Thus 
the direct curren ee Se Sant ee ae 
waveform) characteristic be measured over an 
extended , Le. least 1/6 to 6 times full-scale 
current—-to Sy deviation from a square-law. 
This entails using a special D.C. meter circuit with 
variable sensitivity but constant resistance. 


Speech Voltmeter. 


It is not necessary that 
be arranged in bridge formation. 


the rectifier circuit should 
If a double winding 
7 





a centre 
the 


is provided on the transformer 
, an increase in efficiency is possible 


by @ bi-phase arrangement. Such an arrange- 
ment is used in the P.O. Speech Voltmeter Type 3 and 
the essential elements are shown in Fig. 4 Although 





RECT & Oei~ts ihc 


Pw. 4.--Recrivms Cracurr oF Sreecn Votrunrren, 


the type of rectifier discs is the same as in the pso- 
phometer, the use of a 1 mA indicating instrument 


necessitates different 
resistors. 


of series 


and shunt 


The speech voltmeter circuit enables the true r.m.s, 
of a wave having the level distribution of 
spe? to be measured with an accuracy not worse 
t +0-3 db. provided that readings are made at a 
deflection between --3 db. and the upper limit of the 


seale (43 db.). 


This assumes that the speech volt- 


meter has been correctly calibrated using a sinusoidal 


input at, say, 1,000 c/s 
Speech Analyser. 


A speech analyser recently constructed by one of 
the authors* employed an integration period of 15 
seconds, which may be increased to 60) seconds if 
required. The square-law circuit developed for this 
analyser is similar in principle to that employed in the 


ag pe and 5 
ig. S$. To achieve 


mens 








tet ores bs 


aed 





h voltmeter and is shown in 
> range of 40 db. it was necessary 


“ee 


Pm. $.--Recrivien Cracurr or Sreecn Anatysur 


to use more elements, as well as two different sizes of 
cuprous oxide disc. Fig. 6 shows the current/voltage 
characteristic, indicating that, over a range of 40db., 


the current is within 
value. 
taneous inpu 


+20 per cent 


+ ldb 


of the correct 
(This corresponds to an accuracy for instan- 
ts of better than 


Calculation of the error introduced by this circuit 


* Dena, MH. K.. and White, 5. D 
on Conversational Speech 
Sevtety of Amerton, Vol. il, p. 278 (1040 
+e h-Spectrum Analyser 


(1049). 
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Statistical Measurements 
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Vol. 41, p. 188 


Pwo. 6—Cuerent/E.M.P. Caamactenistic or Recrivten 
Cracerr or Spmecn ANALYSER 


considerably from the r.m.s. speech level, an addi- 
tional error of not more than +0-25 db. is introduced. 

In general, however, it can be arranged that 
calibration is carried out at a level within +5 db. of 
the r.m.s. speech level so that the total error is unlikely 
to exceed +03 db 


PERFORMANCE OF SQUARE-LAW Rectirier Crracurts 


The usefulness of a square-law rectifier circuit 
depends, in practice, upon further factors than the 
possible accuracy of the static characteristic (instan- 
taneous current) voltage relationship). It is important 
that the characteristic should be realisable without 
extreme care being necessary in the selection of 
rectifier discs and that the characteristic, once 
obtained, should remain constant under practical 
conditions. These features, together with the wu 
frequency limit, are discussed below. These ¢ 
apply almost equally to the three types of square-law 
rectifier circuit described above. 


Selection of Dises. 

Current/voltage characteristics measured on a 
sample of C-type discs show a fairly wide variation. 
The resistance limits (measured at 1 mA) to include 
90 per cent. of individuals in one icular sample 
were 220 to 245 ohms at 20°C, shapes of the 
several characteristics, however, are almost identical 
and can be superimposed, when plotted to logarithmic 
scales, by a linear change the current axis. 
lypical curves are given in Fig. 7. This property of 
the characteristics enables matched sets of discs to be 
selected at a single value of current. Assembly of 
rectifier circuits is also simplified because, over the 
range of vanation of individual characteristics which 
occur, circuits composed of matched sets of discs 





differ very little in the accuracy with which they 
conform with a -law. Some variation (amount- 
ing to about 1 db.) in absolute sensitivity occurs but 
this can easily be compensated by adjustment of the 
gain of the preceding amplifier. This conclusion is 
not quite true of the more complicated speech analyser 
circuit where some selection of the G-type disc is 
always necessary. 

Effect of Temperature. 

Temperature change affects the individual current 
voltage characteristic of rectifier discs in such a 
manner that the whole characteristic is moved along 
the current axis with little change in shape, as shown 
in Fig. 8 The effect of temperature on the overall 
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characteristic of the complete square-law circuit, 
furthermore, consists mainly of a change in absolute 
sensitivity with little change in the range of confor- 
mity with the quadratic law. Fig. 9 shows the 
effect on the complete circuit of the speech voltmeter 
(Fig. 4). The temperature coefficient of the complete 
circuit is as follows. 
full-scale current, + 0050 db. per ° 
a + 0-028 
full-scale + OO17 
2» 0 0083 
This effect, although rather tones does not seriously 
impair the use of these circuits provided that the 
calibration is adjusted before use 


Effect of Reassembling Sets of Discs 

The C-type discs used are assembled in a plastic 
holder with pressure applied by means of a coil 
spring. The resistance of discs is unaffected by being 
dismantled and reassembled, or by a change in pressure, 
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except for a temporary change of resistance amounting 
to about 5 per cent. which disappears five minutes after 
reassembly, if the normal pressure is applied. If 
double the normal pressure is applied, a period of 
10 minutes is required for stability to be reached. 
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Upper Frequency Limit. 

The presence of the com tively large self- 
capacitance of rectifier discs lienits the use of the 
square-law circuits described here to frequencies not 
greater than about 12 kc/s. This, however, is ample 
for speech measurement or for measuring audio 
frequency noise. 

The self-capacitance of a single C-type disc is of 
the order 2,000 pF. In the speech voltmeter where a 
bi-phase circuit is used the capacitance of three discs 
in series is shunted across the idle half of the trans- 
former winding. This imposes a limit on the maximum 
leakage inductance of the transformer and some 
special attention is necessary in the design of the 
transformer. When a transformer having too great a 
leakage inductance is used the teristic 
rises to a maximum in the hi uency region. 
The magnitude of this effect varies with the level of 
voltage applied to the rectifier circuit. The leakage 
inductance must therefore be reduced to such a value 
that this rise in — | occurs at frequencies 
beyond the ye yee a ilar, but slightly more 
complicated s occur in the psophometer and 
speech analyser circuits but the limitation of frequency 
range remains about the same. 
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Introduction. 
AND 6 of the radio frequency spectrum (ie. 
diverse 


spectrum of Band 8, but is at 
t pry in comparison with Band 
has increased to a marked extent 
; but it may still be regarded as a 
so far as both valve and circuit 
technique are concerned. Few pentode valves will 
operate at all even at its lower limit of 300 Mc/s, but a 
limited number of the most advanced types of modern 
triodes can be used up to, or a little beyond, its upper 
limit of 3,000 Mc/s. In the region beyond 3,000 Me/s, 
which will be covered in Part 6 of this survey, wave- 
guide circuits are predominant, and the valves in 
common use are dependent on electron inertia effects 
for their normal operation ; but it should be men- 
tioned here that the types of valves used for Band 10 
are also made for use in Band 9 To minimise 
duplication, however, the present article will be 
concerned primarily with the development of triode, 
tetrode, and tode valves for operation between 
30 Mc/s and f ye upper limits of frequency at present 
realisable. 

The Post Office Engineering Department uses 
allocations in Bands 8 and 9 for communications 
between fixed or mobile stations, and for repeatered 
relay systems. The modulation frequency band 
invol may range from a single telephony channel 
(say 300 to 3,400 c/s) through multi-channel telephony 
services to television systems involving frequencies up 
to 3 Mc/s. For Post Office applications, the main 
emphasis must be on valves suitable for use as stable 
amplifiers rather than as self-cscillators, and on 
continuous ratings rather than pulse conditions, while 
reliability and long life of the valves are of primary 
importance. 


Electron Transit-Time 


The electron possesses a ratio of charge to mass far 
— than that for any atomic or molecular particle. 
when an electron is placed in an electric field it 
experiences a force of enormous proportions relative 


t Ruscetive ‘Rugineer. Radio Experimental and Develop. 
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to its mass, and by 

acceleration is 

possess this extreme 

at low 

instantaneous. At 100 

pe aes eit ype my 

of a microsecond, and time 

Dh 
t 


be 
ge under norma! conditions 
of space-charge current the time of transit 
()} of an electron from cathode to grid is given 
approximately by — _ 


= 60 x w-m(§)" seconds 


where d is the grid-cathode in centimetres, 
and ¢ is the current density in amperes per square 
centimetre. Thus for short transit-times, small 
electrode and high current density are 


required. The latter ee ogee ly necessitates high 
voltages and high ca 
In V.H_F. valves, finite electron transit-time leads 


to three main disadvantages. Firstly, the mutual 
conductance is decreased in magnitude and is made a 
complex quantity by the introduction of a phase 
varying with frequency and with changes in 
applied voltages. Secondly, an input shunt resistance 
is introduced which varies approximately as the 
inverse square of the frequency, and as the inverse 
square of the cathode-grid transit time. Thirdly, 
increasing transit-time reduces the anode efficiency 
realisable in a power amplifier or oscillator. These 
effects lead to reduced ti gprs as the 
frequency is increased, 

of the thermionic valve as a converter ne! DC. 

to R.F. energy. Even in the absence of other 
terious factors, they will eventually reduce the stage 
gain of an amplifier to unity, or stop the operation of 
a normal negative grid oscillator. Electron transit- 
time must therefore be as a major limiting 
factor in the design of V.H.F. valves. 

An additional effect of excessive transit-time which 
is not so well known is the introduction of unwanted 
phase modulation in an amplitude-modulated trans- 
mitter, even when the carrier is crystal controlled. It 
ares from variations of effective phase shift in the 
modulation stage (or in linear amplifiers following it) 
between peaks and troughs of modulation, is most 
marked in the troughs, and increases rapidly in 
magnitude as 100 per cent. amplitude modulation is 
approached This phase modulation gives rise to 


’ Bell, Gavin, jomen, and Wi “ Triodes for Very 
Short Waves—Oscillators,” TLEE. Vol. 93, Part IIIA, 
No. 5, pp. 833-46. 








additional side frequencies which may cause inter- 
ference to other services and which can cause distortion 
of the wanted modulation when the receiver bandwidth 
is too narrow to accommodate them. The phenomenon 
is relatively unimportant in transmitters handling a 
audio channel ; but it can be of importance in 
; where distortion limits are 
more stri , and may be a limiting factor in V.H.F. 
i a where filter pass-bands are 
closely fitted to wanted frequency spectrum. 
Valve Capacttances and | cad |nductances. 
At low frequencies a valve may often be regarded as 
a small item added to, or tied across, an external 
tuned circuit ; but in V.H.F. amplifiers the unavoid- 
able capacitances and inductances within the valve 
envelope may form major portions of the tuned 
circuits, thus introducing serious problems in the 
design of inter-stage couplings. In the limiting case 
the circuit tends to vanish inside the valve. The 
internal capacitances and self-inductances of a triode 
are illustrated in Fig. 1, while Fig. 2 indicates the self 





Fis. 1.—-SELP-INDUCTANCES AND Fico. 2-—-SELP-INDUCTANCES AND 
In~TeenalL CAPACITANCES OF A some oF tHe More Imporranr 
Tetope Vatve Capacttances or a TeTeame Vatve 


inductances and some of the more important In early 

capacitances of a tetrode valve. Mutual inductances " neutralisation,” 

between leads have also to be considered in a full tetrode and pentode 

analysis of the operation of many V.H.F. valves screen electrode, 
Low input and output capacitances in a valve are 

of importance not only in ensuring reasonable circuit 

size at very high frequencies, but also on account of 

their influence on the maximum stage gain and 

bandwidth realisable, since to a first approximation 

the product of gain and bandwidth for any specified 

form of in coupling network is inversely 

proportional to the shunt capacitance. Because of 

transit-time limitations it is impossible to reduce 

capacitances in V.H.F. valves by increasing inter 

electrode spacings, and capacitance between the 

active sections of adjacent electrodes can be reduced 

only by decreasing their areas. Stray capacitances 

between leads and supports make no useful contribu 

tion to the ion of the valve, and it is particularly 

important that they should be as small as possible 





Unless the inductances of the grid and cathode 
will have to be series-tuned by 
C,, in addition to adjustment of 
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the normal bridge balancing capacitances C,. As 
these adjustments are to some extent inter- dependent, 
correct neutralisation can be quite difficult 
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The grounded-grid amplifier, shown in schematic 
form in Fig. 5, is a convenient alternative which also 
employs triode valves. In this case the cathode is used 

as the high potential input electrode, the anode is the 
high potential output electrode, and the grid which is 
common to the input and output circuits forms an 
electrostatic shield between them. The arrangement 
has the advantage of simplicity, and avoids the need 
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anode current returns to the cathode through an 
external circuit which includes the impedance between 
the grid and cathode. The feedback introduced in this 
way has the effect of making the output resistance of a 
grounded-grid stage high, and the input resistance 
very low. In multi-stage grounded-grid amplifiers, an 
impedance transformation is therefore necessary at 
each inter-stage coupli network. The input 
resistance of a grou grid stage depends on its 
anode load, and the output resistance depends on the 
impedance between cathode and ground. Thus input 
and output circuits are not independent and tuning a 
multi-stage amplifier of this type is a relatively 
diffeult process. In valves for grounded-grid opera- 
tion, low grid lead inductance is generally very 
desirable, although for some fixed frequency applica- 
tions a suitable value of grid inductance can be used 
to minimise unwanted feedback through the anode- 


to-cathode capacitance. 


Notse 

At low frequencies, thermal agitation voltages due 
to random motion of electrons in external circuits 
generally set a limit to the smallest voltage which 
can usefully be amplified. The magnitude of the 
thermal agitation voltage across a resistance of 
R ohms, measured in an effective frequency band- 
width of B c/s, is given by :— 

R.M.S. voltage = 
where & is Boltzmann's constant (approximately 
1-37 = 10°") and T is the absolute temperature 
(273 + °C). For example, the thermal agitation 
voltage across a resistance of 100,000 ohms at room 
temperature is approximately 2-2 microvolts R.M.S. 
for a bandwidth of 3,000 c/s. 

At very high frequencies, however, circuit im- 
pedances and the thermal agitation voltages associ- 
ated with them are less than at lower frequencies, 
and noise due to the random nature of the electron 
stream within the valves is generally predominant. 
As has been indicated in Part 3, valve noise is depen- 
dent on the construction and operating characteristics 
of the valve concerned, and is appreciably greater for 
multi-electrode than for triode valves. High slope at 
a low current is always desirable when low levels 
of valve noise are desired, and minimum possible 





screen current is of great importance in the design of 
low-notse tode or tetrode valves 

Alt cathode lead inductance has such a 
marked effect on input admittance of a valve at very 
high frequencies, its effect on noise performance is 
od ton _— since degenerative effects on nuise 

Signal ximately equal. Electron transit- 
at on the hand, has a major effect on the 
noise performance of a valve, the noise level increasing 

i whenever the transit-time exceeds a 
small fraction of one cycle. Low transit-time is 
therefore essential in the design of low-noise V.H.F 
valves. 

The overall noise performance, or noise factor*, of 
an amplifier is a function not only of the valves 
employed in its early stages, but also of the circuit 
atrangements with which they are associated. A 
triode used as a grounded-cathode amplifier generally 
gives a slightly lower noise factor than when used in a 
grounded-grid arrangement, but neutralising may be 
required. Considerable attention has recently been 
eed to the design of input circuits giving the 
optimum noise factor for a given valve, and one of 
the most successful developments is the combination 
of a grounded-cathode triode feeding a grounded-grid 
triode as illustrated schematically in Fig. 6, and 
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generally known as a “ cascode’ amplifier®. This 
makes use of the low noise factor of a grounded- 
cathode arrangement of the first valve, and avoids 
instability by providing it with a very low impedance 
load—the input resistance of the grounded-grid stage. 


Summary of Desirable F eatures in V.H.F . Valve Design 
Before discussing typical V.H.F. valve designs, it 
may be of value to summarise some of the more 
desirable features 
(1) Low transit-time ; i.e., small inter-electrode 
spacings and large current densities 
(2) Low capacitances with close tolerances ; ie., 
small active electrodes, minimum stray capaci- 
tances in supporting structures, and precision 
methods of assembly. 
(3) Electrode leads of low inductance and low 
surface resistivity 


* Moxon, “ The Noise Characteristics of Radar Receivers,” 
J ABE , Vol. 93, Part IIIA, No. 6, pp. 1130-42 

* Wallman, Macree, and Gadsden, A Low-Notse 
Amplifier,” Proc.J.R.E., 1948, pp. 700-8 


High slope. 

High reliability ; i.e., long and uniform life, 
Ease of connection to suitable external circuits ; 
Le., walve and circuit should merge into one 
compesite structure, but valve replacement 


Efficient cooling of anode, grid, and screen in 

transmitting valves. 

Low fluctuation noise in small signal valves ; 
igh slope at a low cathode current, and in 

pent or tetrode valves minimum possible 
screen current, 

(10) High cathode emission, in trans- 
mitting valves; but low heater or filament 
consumption, 

(11) Rugged mechanical design, and freedom from 
microphony. 

(12) Ease of manufacture, and low cost. 


Progress in Conventional Receiving Valves. 

One of the first successful lines of progress in the 
development of V.H.F. receiving valves was the 
scaling down of the dimensions of normal valves and 
a rearrangement of the connections to the 
well-known “ acorn "’ range of valves. valves 
use small electrodes at close spacings, and minimise 
unwanted capacitance due to supports by relatively 
wide spacing of the connections to the electrodes, and 
elimination of the normal valve-base. The leads are 
short and of low inductance, and the input resistance 
of acorn valves in the V.H.F. band is roughly ten 
times that of ing receiving valves of 
normal design; but the manufacturing difficulties 
are considerable. 

The CV1I36 (Mullard RL7) is an interesting 
example of an alternative en & to the cate at 
of making a satisfactory V.H.F. valve. 
This valve has an electrode structure of normal size 
supported by very short leads from a glass base, and 
cathode lead inductance is reduced to the absolute 
minimum by using four pins of the 9-pin base for the 
cathode connection. Separate cathode pins can be 
used for vee gs returns, 

As exam British practice in mass- 
produced V.H. . receiving valves we may take the 
CV138 and CV139 which were deve under the 
auspices of the Services Coordination Valve Develop- 
ment Committee. These are miniature valves on 
B7G bases, and are illustrated in Fig. 7. Their low 
frequency characteristics are summarised in Table I. 
The CV138 is a general purpose high-slope pentode 
valve with a limiting frequency for satisfactory 
operation determined partly by transit-time and 
partly by the self-inductance of the si cathode 
lead. For fixed frequency applications about 
150 Mc/s it is advantageous to series-tune the cathode 
lead (e.g., by suitable choice of the cathode resistor 
by-pass capacitance), and a useful stage gain can then 
be obtained ap to ooquencies of the ender of 200 Mc/s 
The C V130 te a high-alope triode for use as a low-noise 
R.F. stage in V.H.F. receivers: it was designed 
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TABLE I 
Characteristics of V HF. Receiving V aloes 
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Bo 3 the field of mains-operated 
V.ELF. cccving © has included two major 
few lg “oy of these is the introduction 
of high-slope pentodes in the “ sub-miniature " range 
of valves designed for direct soldering into circuits. 
Since the very small electrode assemblies of these 
valves, the short internal leads, and the absence of a 
valveholder result in low capacitances, low transit- 
time, and low lead inductances, they have a very good 
sen per as Band 8 amplifier valves. The second 

of pre has been the development, to at least 
& pre-production stage, of miniature triode valves 
having much lower transit-time, lower noise and 
lower capacitances than the CV139, and capable of 
operating efficiently in the lower part of 9 
Such valves are of great value in low-level wide-band 
amplifiers, and a promising line of further develop- 
ment might be the combination of two of these 
triedes in one envelope for operation as a “cascode” 


—< stage. 

development of battery valves for operation 
above 30 Mc/s lags considerably behind that of mains 
operated valves. A range of battery acorn valves was 
introduced in America some years ago, but manu 


Post-war 
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When the process of improving V.H.F. 
performance by scaling down dimensions is applied to 


emissivity, 


strength, freedom from distortion or fe seca 
high temperatures, ease of degassing during . 
and low cost. The materials most used are 
molybdenum, tantalum, and carbon, and various 
surface treatments may be applied to improve per- 
formance, Carbon is an excellent radiator of heat, but 
is difficult to degas in thick sections and mechanically 
weak when thin. Tantalum is capable of operating 
at higher temperatures than carbon or 

and though an expensive material, it has the additional 
advantages of easy degassing during manufacture and 
a certain amount of “ getter " action normal 
operation. The grid in a V.H.F. power valve 
normally has to dissipate , and as 
the structure must operate in c proximity 
to an incandescent cathode and a hot anode, efficient 
grid cooling is often a major problem. 

Some widely used V.H.F. triodes of pre-war design 
are illustrated in Fig. 8. Recent progress in radiation- 
cooled valves of this class has been confined primarily 
to the reduction of lead inductance, especially of 
filament leads, and a number of improved designs 
have been produced. 

The V.H.F. performance of conventional tetrode 
and pentode transmitting valves is limited to a large 
extent by long cathode and screen leads. _ Some 


I 

these leads, but an alternative 

problem is the assembly of two 

envelope. These valves are designed 

operation, and because of the proximity of the two 
electrode structures, low inductance interconnections 
can be provided between the two cathodes and the 
two screens. In some cases an internal by-pass 





TABLE Ut 
Ring-Seal Valves 
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Tasopss. (tert) CV1288; (ator) 35T. 
capacitor between cathodes and screens is also built 
into the valve envelope. The CV2666 and CV222 
valves illustrated in Fig. 9 are examples of the twin 
tetrode technique. The former has two 20-watt 
tetrodes in a double-ended envelope, and with suitable 
external circuits can be used up to a little over 200 
Mc/s. The CV222 is a single-ended valve on a BOG 
base, and each anode is rated at 7°56 watts 
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ignment considerably 
than in multi-stage yrsen Bas - grid 
amplifiers. 


Conclusions, 

ee ee ee 
Bands 8 and 9 are fairly well established. 
and their further development is 
largely a matter of ingenuity on the 


though perhaps somewhat 
uneven. In the receiving valve field, 
miniature triode and pentode valves are 
readily available in mains-operated 
types having a useful gain up to at 
least 200 Mc/s; but furt pe got 
desirable in the development of small 
| pentode valves for still higher fre- 
quencies. Economical battery valves 
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shielding between output and input circuits. Further 
work seems to be desirable on ring-seal tetrodes or 
pentodes with built-in by-pass capacitors of negli 
gible inductance between screen and cathode 


Book Review 


" Crystals and X-Rays Dr K. Lomedale, F.RS 
G, Bell & Sons, Ltd. 199 pp. 198 ill, 2s 

Dr. Kathleen Lonsdale needs no introduction to 
physicists throughout the world. Engineers may be less 

1 acquainted with personalities in X-ray crystallo 
graphy, a science in which British physicists have played 
an outstanding role. Sir William Bragg and his son, 
Sir Lawrence, respectively past and present Cavendish 
Professors of Physics at Cambridge, have each done 
pioneer work in the subject. Dr. Lonsdale was fortunate 
im working as a student under Sir William Bragg, to 
whom she readily acknowledges indebtedness and 
gratitude. One may say that she has also acquired some 
of Bragg’s power of lucid expression, a necessary quality 
of the complete scientist 

The book is based on a course of public lectures de- 
livered in 1046, and the author states as her object the 
stimulation of interest among thoee who do not. bat 
might well, use X-ray crystallography in their own work 
and the instruction of those others who do use it 
without fully understanding the power of the tool they 
employ As a result, the book ie a broad survey of 
present-day knowledge and techniques and there can 
be no doubt that few concerned with the subject will 
fail to profit by reading it. With her object in mind, 
however, Dr. Lonsdale has been compelled to take 
short cuts in order to cover the ground so that a layman 
may be excused if he does not grasp at first reading, for 
example, the Fourier synthesis, the reciprocal lattice 
and the space groups 


Ler? ro stent) CV267, CV307, 


which a efficiently at fre- 
quencies above 100 Mc/s are also 
required. In the transmitting valve field, ring-seal 
triodes for grounded-grid operation have outstripped 
other types, but the deve t of comparable 
tetrode or pentode valves will be of great value. 


From the point of view of our membership, parts of 
the book will be found both easy to follow and instruc- 
tive, and can be recommended without reservation. Ip 
particular, the first two chapters giving an historical 
introduction to the subject and a most useful and prac- 
tical discussion on the generation and properties of 
X-rays are noteworthy and it is here where the lucidity 
already referred to is most evident. The last two 
chapters also, on extra structural studies and the 
importance of the study of crystals, will give the layman 
more than a glimpse of the power of X-ray methods in 
determining not only atoraic structure, but how the data 
have added to chemical, electronic and metallurgical! 
knowledge and are now making advances in biology 

The book is singularly free from errors, only the 
definition of the Angstrom unit on 3 and printing 
T* as T, om page 150 being not It is abundantly 
illustrated with diagrams and plates which include some 
beautiful examples of diffraction and absorption photo- 
graphs. Dr. Lonsdale has given a comprehensive list of 
text books for more detailed and incisive study, although 
a few words outlining the soc and special features of 
each book would have hel the serious student. A 
welcome feature, now becoming more general, is the 
printing in heavy type of the main pages of reference to 
subjects in the index 

As an introduction, parts of the book will be difficult 
to follow, but to a student of the subject it is unique in 
the breadth. conciseness and authority of its survey 
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A Polarised Relay of Improved 
Performance 


U.D.C. 621.318.522 


A potarised relay in which the magnetic 

for Post Office ase. Tests have 

and contact pressure while low transit 
@istertion to signals. Ex 


Introduction. 


MONGST the apparatus 
modern telecommunications equipment is a 
relay which is more sensitive than the 3,000 
type relay and which wil) also repeat impulses mor 
accurately. The first important 
requirement was in System, Signalling D.C. No. 1 
(the Long-Distance D.C. Impulsing scheme) where a 
polarised relay of S.T. & ¢ 
This system is in service on a wide scale and reports 
indicate that a reliable service is being given 
With the development of the valveless System 
Signalling D.C. No. 2 (the Single Commutation 
System) it became apparent that a relay of improved 
sensitivity would be advantageous Attention was 


requiremet ts 


example of such a 


manufacture was used 
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therefore, directed to the Carpenter relay (type 4)’ 
manufactured by the Telephone Manufacturing Co 
which was of a size suitable for mounting on standard 
3,000-type relay plates Tests on the relay led to its 


¢{Mr. Turner, now Chief Engineer, Postal Dept.. Sierra 
Leone, was formerly Executive Engineer, Telephone Develop 
ment and Maintenance Branch Mr. Scott is Engineer 
Telephone Development and Maintenance Branch 

*R. E. H Carpenter; Patents 315496, et 
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adoption as a standard Post Office item, it being 
decided in the early stages to limit the physical re- 
quirement to a deals c yver contact action. 

The availability of the relay has simplified the work 
involved in designing both the Teleprinter Auto- 
matic Switching System and an improved 2 VF. 
receiver, and as these two developments were being 
undertaken concurrently with the standardisation of 
the relay the requirements of both telephone and 
telegraph engineers were considered. 

The relays have been coded in the Post Office range 
of relays as Relay, Polarised 2B, 3B, and 4B, depend- 
ing upon mounting facilities. Individual designs of the 
relays will be differentiated by three-figure numbers 
following the initial code. 

Figs. 1 and 2 are photographs of the relays with 














Fic. 2.—Rear View or Retay, Potaaman 3B 


single changeover contacts, showing two different 
mounting arrangements. 


The Magnetic Circuit. 

The components of the magnetic circuit can be seen 
in Fig. 1, the circuit being represented schematically 
in Fig. 3. 

The controlling coil is wound on a former on a core 
completing a magnetic circuit between the two pole 





pieces. Placed on the 

two as . armature is 

soap a 2 the 
movement 


t 
of the armature is limited by the fixed 
contacts. 


In Pig. 3 (a) let @,, and ,, be the fluxes in 
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maxwells in the armature gaps due to the two magnets 
which are of equal pole strength and ®, that due to 
the current 7 in the coil. Then the general ex- 
for the force, F, on the armature at the point 

is ~~ 


F mpeg { (an +0! — (ay ~ 90?! dyes... (0) 


where A = effective cross-sectional area of arma- 

ture gap in sq. cms. 

Now, if the armature is held in the central position, 
as shown, the magnet gaps will be equal so that :— 

On, = On, = %, (say) 
and it is possible to simplify expression (1) to :-— 
1 
F m3) * n° ©, dynes es 

Under free conditions the armature will move to the 
left and the force F is given by the general expression 
(1) and will increase with travel because ®,, in- 
creases and ®,, decreases as the air gaps change 
with the movement of the armature, the resultant 
out-of-balance flux passing through the core. 

If there is no current in the coil, ®, < 0, and in the 
central position F « 0, but this is an unstable con- 
dition and if the armature is deflected slightly off 
centre in either direction it will move over and take 
up a “ side-stable “ position where the force on the 
armature is given by :—- 


centrally in the no-current condition or, if 

been applied to move the armature to 

to be returned to the central 

has been removed. This 

stable " relay, in which the 

one or other side contact only = 

in the coil. The only advantage of a 
relay is that it can respond to three conditions 
stead of two, since the armature contact 
disconnected in the centre-stable position with no 
current and can switch to either side according to the 
direction of current flow. For all practical purposes, 
where a finite contact pressure is specified a centre- 
stable relay requires more ampere-turns from the 
controlling coil than a side-stable relay. 

If one of the fixed contacts is offset from its sym- 
metrical position, as in Fig. 3(b), the relay becomes 
one-side-stable. The operate i 
increased, but the armature 
connection of current instead of needing a reversal. 
The relay under this arrangement has a permanent 
bias 


A second winding permits an electrical bias to be 
applied as required, enabling the operate ampere- 
turns figure to be increased or decreased to detect 
different circuit conditions. 

Three windings may be required in some cases in 
order to present balanced conditions to line together 
with bias facilities, making possible differentiation 
between balanced, unbalanced, and reversed line 
currents. 


The relay can be used in the anode circuit of a 





anode current and enable the 


bias winding being used to neutralise the 
the standing 
operate on the steepest part of the mutual 


major ts of a Relay, Polarived 3B 
are shown in Fig. 4 











Fic. 4.—Major Compowenrs of Retay, Potanisep 3B. 


Frame.—The mounting frame and top frame are 
die-cast in a non-ferrous alloy so that they will not 
affect the magnetic circuit whose elements they hold 


in 2. 

one -The magnets consist of bars of Alnico 
and are held in position with their North poles out- 
wards by means of clamps and screws. These clamps 
hook under the top frame ; therefore the top frame 
cannot be moved while the magnets are in position 

Pole pieces.—The pole pieces are laminated in order 
to keep eddy current losses to a minimum and are 
bolted to the mounting frame of the relay The pole 
pieces for side-stable relays are made of radiometal 
which has a high permeability. If centre-stable or 
ene-side-stable relays are introduced the pole pieces 
will be made of mumetal! which has a lower magnetic 
hysteresis ; this is of no benefit in a side-stable relay 
because the magnetic circuit, in providing side 
stability, leads to a mechanical equivalent of 


other hand the fact that it does saturate with ex- 


cessive energisation protects the relay from magnetic 
and mechanical . The core is a solid bar made 


even of a side 
Coil Assembly. 
formers through which the core 
clamped by the cams fitted in the 
smal! size of core results in a i 
coils than would otherwise be possible, the limi 
of coil capacity being as follows :-— 








Turns Resistance (ohms)) Gauge (S.W.G.) 


0 0-7 23 
5,000 “6 














urns exact and resistance + 20 per 
used for balanced 
. L, of the windings, 

c/s, is given roughly by 

L » 24. 10-7. n* henries 

a « number of turns. 
heat dissipation from the coil assembly 
be limited to a maximum of ZW ; under these 
ions the coil-to-coil and coil-to-relay insulation 
will withstand test voltages of 250V. 

Contact Materials.Copper-paliadium, which has 
given an excellent cnletdanes in life tests, will be 
used as a standard contact material. Platinum 
contacts will also be available but the amount of 
metal required for the armature contact makes this 
expensive and the use of platinum will, therefore, be 
restricted to the more important types of telephone 

apparatus. 

Fixed-Contact System.—The fixed contacts are 
dome-shaped and mounted, as shown in Fig. §, on 
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beryllium-copper springs 10 mils. thick which are 
fixed at the lower ends and flex when contact is 
made, adequate damping being provided by the 
friction between the upper end of the spring and the 
plate against which it is tensioned. This form of 
contact mounting provides the bounce-free operation 
which is such an attractive point in the performance 
of the relay 

The contact spring extends beyond the point at 
which it is fixed to the plate down to the springset 
mounting, the lower part forming the flexible mount- 
ing that enables the plate and contact to be moved 
inwards by means of a contact adjusting screw with an 
insulated tip. This screw can be locked in position 
by a fibre pad inserted under a locking screw (Fig. 4). 

Armature Assembly,.The solid, radiometal arm- 
ature is extended upwards to carry a moving contact 
between the fixed contacts, by means of a super- 


structure which is made of duralumin in order to keep 
the inertia to a minimum while providing mechanical 


between the armature and the magnetic circuit 
results in a change of sensitivity. Spring suspension 
strips, made of ce -beryllium, are used, thus avoid- 
ing the slackness that would result from worn pivots. 

The armature assembly is mounted on these sus- 


pension springs so that it pivots about its centre of 
gravity to ensure that operation is unaffected by the 


The armature contacts are of form to give 
satisfactory operation while the side contact springs 
flex and the contacts are sliding relative to one another. 
The contacts are riveted into an insulating bush in the 
duralumin superstructure and linked to a tag on the 
left-hand springset assembly means of a loop of 
silver foil } in. wide and 2 mils. thick which causes 
negligible bias. 

Magnetic Shielding._-The magnetic circuit of the 
relay has a reasonable freedom from leakage, but in 
practice a magnetic shield is necessary to prevent 
crossfire effects to and from adjacent relays and to 
prevent the presence of adjacent iron masses affecting 
the performance of the relay. 

For the 2B and 3B models the magnetic shield is of 
mild steel and not only serves as a guard to the mag- 
netic system but also forms part of the cover which is 
completed by a transparent plastic moulding 

This arrangement allows the relay to ~ adjusted 
for sensitivity, neutrality, and timing, with the 
magnetic shield in position, 

The earlier 4B model uses a mild steel cover as a 
magnetic screen but suffers from the disadvantage 
that the bias tends to change when the cover is re- 
placed after adjustment for neutrality. 


Relay Mounting. 

The methods of mounting the relay are as follows :— 

Relay, Polarised 2B.-This model plugs into a 
12-way Jack No. 72 and was developed for use in 
telephone or telegraph —— employing strip 
mounting plates. The Jack No, 72 is designed to fit the 
standard 3,000-type relay mounting and enables the 
relay to be withdrawn for adjustment or contact 
cleaning. The relay and jack can also be mounted 
on relay-set plates where it is difficult to obtain access 
to the relay for testing purposes, and this method is 
being adopted for the Teleprinter Automatic Switch- 
ing System 

For most uses it 1s anticipated that the contact pins 
and the thick locating pin will be sufficient to hold the 
relay in position, but where abnormal vibration is 
experienced two locking screws can be passed from 
the back of the Jack No. 72 through the mounting 
plate and plug base and screwed into the mounting 
frame of the relay 

Relay, Polarised 3B.—This is a wired-in model which 
can be mounted in the standard 3,000-type relay 





is intended for use in jack-in relay sets 
to a bench for adjustment of the 
2 version of the tag assembly, 
in Figs. 2 and 4, has been designed to 
and to have better clearances than the 


Relay, Polarised 4B.—This model is used on certain 
te switching equipment. The Jack No. 71 is 
of ‘ones socket type and being rather larger than 
the Jack No. 72 requires a special drilling. The relay 
is retained in position by means of a clip which passes 
over the top of the cover 


General Factors Affecting Relay Performance 

Armature Travel.-The armature travel is adjusted 
by means of the side-contact adjusting screws, which 
are designed to give approximately | mil. travel of the 
screw for each division on the periphery of the screw 
head (16 divisions per revolution). Owing to the 
flexing of the contact springs the travel of the screws 
is not directly related to the armature travel (Fig. §). 
In practice, the travel is set by bunching the contacts 
with the armature in its neutral position and turning 
each screw back an equal number of divisions, the 
total of the two being known as the “ nominal 
travel.” 

The actual armature travel is larger than the 
nominal travel owing to the flexing of the contact 
springs, actual figures being of the following order on 
a standard relay :— 





| mile. | oils. | mnila. 


Nomina! travel | 2 

Armature travel, unenergiwed | 2 

Armature travel, energised 
15 amp.-turns 


5 
| ai 6 


i 4 





The contact opening measured at rest on a side- 
stable relay will lie between the nominal travel and 
the unenergi armature travel. For adjustment 
purposes reference to the “ travel’ will refer to the 
nominal travel unless otherwise stated. 

The manner in which the travel influences the 
sensitivity, contact pressure, and transit time of the 
relay is described later. 

Armature Suspension Spring.—With a spring 
thickness of less t 10 mils. (approx.) the armature 
is side-stable and remains held to the side on which it 
is placed, under the influence of the flux from the 
permanent magnets ; when the thickness is increased 
above 10 mils. (approx.) the spring exerts sufficient 
torque on the armature to retain it in a centre-stable 
position under unenergised conditions 

The relationship between suspension spring thick- 
ness and sensitivity, in terms of the ampere-turns re 
quired to operate the relay, is of the form shown by the 
solid lines in Fig. 6, which show that maximum sen- 
sitivity is obtained with a 10 mils. spring. The 
contact pressure at the operate ampere-turns is, 
however, related to both the spring thickness and the 
travel as shown by the dotted lines. In practice it is 
necessary to ensure adequate contact pressure for 
reliable performance, but once the minimum pressure 
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On Post Office standard models a spring thickness of 
7-6 mils, has been adopted; this ensures that the 
actual contact pressure does not fall below 12 gms. 
when the relay just operates at its maximum 
sensitivity, ing a minimum nominal travel of 
2 mils. With a 3 . Nominal travel the minimum 
actual contact pressure rises to 18 gms. 

Magnet and Armature Gaps.-The pole pieces are 
bolted to the frame with armature gaps of 8 mils. and 
located with great care to obtain mechanical sym- 
metry. To enable the magnetic circuit to be 
balanced the magnets are sorted into pairs of equal 
strength before assembly, the t gaps being 
30 mils. This sorting is necessary use the low 
incremental permeability of the magnet material 
makes it impracticable to adjust the permanent mag- 
net fluxes by varying the air gaps. 

If the relay is to remain unbiased over a wide 
of energisation it is necessary for it to be mashanieally 
and magnetically neutral. If mechanical bias is used 
to counteract magnetic bias due to the permanent 
magnets, neutrality can only occur at one value of 
energisation because the travel, and thus the effect of 
magnetic unbalance in the permanent magnet 
circuits, varies with a. Magnetic neutrality 
is arranged during assembly, as explained above, and 
mechanical neutrality by the use of equal contact 
spring pressures and by correct location of the pole 
pieces and fixed contacts relative to the armature. 

If this balance is to remain satisfactory i 


reap remainns post mein gg Sopa ry oye 
be loosened and This makes the cleaning of 
ay 





an operate sensitivity of 4-7 ampere-turns on 
relays with a nominal travel of 3-6 mils., and since 
this was to the Post Office for many 


applications it has become a general specification 
standard. 


Some details of the performance of the single 
changeover contact side-stable mode! with 7-5-muils. 
armature mounting springs Bs contact spring 
Smoniety of 20 given below. 

sake Gundy explained the sensitivity 

varies m mepey armature mounting spring thickness but 
for a given spring thickness the sensitivity increases 
as the nominal travel is reduced. For Post Office use a 
minimum travel of 2 mils. has been adopted in order 
reasonable contact clearance (which will be 

larger under dynamic conditions) and to avoid 

the necessity for frequent adjustment of travel to 
take up contact wear. A smaller travel also ac- 
centuates any mechanical instability that is present. 

The relation between sensitivity and the nominal 
travel is shown in Fig. 7 which also shows the limits 
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of sample-to-sample sensitivity which may be ex- 
perienced. 


Transit Time -—The tcansit time varies with the 
nominal travel, the energisation, and the constants of 
the operating circuit. 

The relation between transit time (break-to-make) 
and nominal travel is of the form shown in Fig. & 
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Specification of a minimum travel of 2 mils. sets the 
minimum time at about 0-8 mS. with of 
the order of 40 ampere-turns with #*/R = 1-1 x 10. 
Considerable work remains to be done on the varia- 
tion of transit time with energisation, but with an 
energisation of only 10 ampere-turns in the example 
above, the minimum transit time increases to 1-5 mS. 
A bias winding or short-circuited coil increases the 
transit time. As an example, a short-circuited 4,000- 
turn,750-ohm coil i the transit time by 1-5 mS. 
Contact Pressure.—For a side-stable relay the actual 
contact pressure is greater than the necessary 
to separate the contacts as measured by a 
Post Office tension gauge. This is a result of the side 
contact following the armature contact for some dis- 
tance, so that the force exerted by the armature at the 
point of separation is less than it was at the full 
deflection 
This is illustrated in Fig. 9 in which 4 represents 
half the nominal travel, and (@ + 6) represents half 
the total armature travel, the contacts being closed 
during part 4 of the travel. The force, F, exerted at 
the contact by the armature increases with travel 
along the line ABC, but at B the contact 
to flex and exerts an o 
along DC with the 
summing these two, 
tension gauge follows the heavy line, starting 
zero at E and increasing to a maximum at the point B 
where the contacts just break. Using 6-mils. contact 
ngs and 7-7-mils. armature suspension springs on 
oe single changeover model, the actual contact 
pressure is about |! oe ee oe 
tension gauge. The a meaened $s — 
refer in practice to the 
term “ actual contact pressure sii ke enwred for 





Lo 


cons; 
2 





oe 


— oe ee ee oe ee 
4 


) 


——— me me ae ees ot lal 








| 


Pic. 9.—-Measvaement or Contact Paessure with a 
Tuwston Gavos 


actual contact pressure is about 0-8 times the measured 
contact pressure. 

For a given armature suspension spring thickness 
and contact spring thickness the contact pressure 
varies with both nominal! travel and energisation 

The contact pressure increases linearly with 
nominal travel from zero at zero travel to 9-5 gms 
(actual) at 5 mils. travel. With energisation up to 
20 ampere-turns the contact pressure also increases on 
a linear basis (Fig. 10) but at this point saturation 
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check that the non-operate and operate currents are 


met. 

The second approach is used when it is necessary to 

adjust the relay to a sensitivity within much narrower 

limits than can be obtained by the first method owing 
variation in 


formance can be checked on a telegraph distort 

measuring set or an impulse distortion tester. 
There will be some ications, however 

a manual method of ustment 

accurate. This method 

a very smal] nominal travel a 

makes the armature one-side 








ee oS stn content the re an 
and the 

until bunc occurs. —~ = 

in series with the fixed contacts facilitates the 

and ensures greater accuracy in determining 

the point of bunching ; the travel is then set by with- 

each contact-adjusting screw by half the 


travel required. 


pplications. 

The main advan 
are, improved sensitivity and contact pressure, absence 
af contact bounce, and low transit time, while the 2B 
and 3B models are also sufficiently small to be 
mounted in standard 3,000-type relay drillings. The 
fact that the relay is stable and simple to adjust is 
also of paler hoor s fl importance 

The applications of the relay are growing in number ; 
the low transit time and absence of contact bounce 

ther with the symmetrical action mean that the 
relay introduces very little distortion. This factor 


has led to its adoption in the System, Signalling 
§.C.D.C. No, 2, where the sensitivity of the relay 
facilitates the design of a circuit without valves that 
will pass impulses for distances up to 100 miles of 
cable 


“mp performance has also led to 
the adoption of the relay in the 2 V.P. receiver and 
other impulsing ‘aoa In the Teleprinter Auto- 
matic Switching Scheme absence of contact bounce 
also makes it practicable to use the changeover con- 
tact action for pp the selector magnets, while 
the sensitivity of the relay makes it possible to leave 
the relay connected to line to await the clearing 
signal, because the total leak can be made of the order 
of 10,000 ohms and introduces little distortion to 
through signals. 
ede the System, Signalling S.C.D.C. No. 2 the relay 
to respond to balanced, unbalanced, and 
enn line conditions, the only advantage over 
other polarised relays being the saving in space. 


The goad imps 


Two-( hangeover-Contact Model 

This model of the relay (Pig. 11) is in an advanced 
stage of development and is expected to prove useful 
in circuits where one of the changeover actions is used 
to pass impulsing signals forward while the other 
changeover action can be used for local control 

In order to equalise the contact pressures without 
complicated adjustment of the fixed contacts, a pair 
of self-aligning contacts is mounted on cach side of 
the armature, the plates on which each pair of side 
contacts is fixed being mounted between pivots about 
which they can swivel. The plates tend to retain the 
position in which they are left owing to the friction in 


offered over previous relays 


oe Eom. but there is nothing to prevent 

if one plate is displaced manually ; however, 
rectified immediately the armature is moved 
other side and contact pressures become equalised 
after a few strokes. It is, however, necessary to 
consider the possibility of bunching as a fault con- 


Contact Svstam on Two-cHancrover-cowract 
ReLay. 


Pic. 11 


dition should one pair of contacts become welded, but 
so far all efforts to cause bunching during tests of the 
relay have failed 

The relay is the same as the single-changeover 
model except for the armature superstructure and 
assemblies which carry the additional 


springset 
the same mounting facilities will be avail- 


contacts 
able 
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The London-Castieton Experi 
mental Radio-Relay System 


U.D.C. 621.397.743 


N the article on Television Radio-Relay Links 

published in the last issue of this Journal, brief 

mention was made of an experimental relay 
system set up by the Post Office Engineering 
—— The transmitting terminal of this system 
is located at Rowley Lodge (near Barnet) and the 
receiving terminal is at the Post Office Radio 
Laboratory at Castleton (near Cardiff), with four 
intermediate repeater stations located at Green 
Hailey (near inces Risborough), Widley (near 
Burford), Hook (near Swindon), and Wotton-under- 
Edge. The layout of the route is shown in Fig. 1 


is 195 Mc/s, and the transmitted waveform is shown 
in Fig. 2. 

Single-frequency operation of a radio-relay link has 
the merits of economy in uency tions, 
uniformity and comparative simplicity of equipment 
at intermediate stations, and the avoidance of spurious 
products resulting from frequency-changing processes. 
fn such a system, however, unwanted signals differing 
only in time delay from the wanted signal, and thus 
capable of passing freely through the amplifying 
equipment, can be a major source of distortion. The 
avoidance of pick-up of signals arriving by different 
paths is the primary problem of a single-frequency 
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The link forms an experimental wide-band trans 
mission channel and, although primarily designed to 
handle 405-line television signals, can also be used for 
preliminary investigation of radio-relay systems 
handling numbers of telephony channels. Since 
experience was required primarily on the radio 
system itself, and as it was not envisaged that it 
would be required to carry signals other than for 
experimental purposes, a control and supervisory 
system has not been provided. 

It is normal practice in radio relaying to frequency 
change at intermediate stations, but an unusual 
feature of this link is that the sarne frequency is trans 
mitted throughout the chain, each repeater acting 
merely as a “ straight " amplifier. Frequency modula 
tion is used, with a total frequency excursion of 6 Mc/s 
from full white to the tip of the sync-pulse when trans- 
mitting television signals. The mean carrier frequency 


*In order as listed above the authors are respectively 
Staff Engineer, Radio Planning and Provision Branch; Staff 
Engineer, and Executive Engineer, Radio Experimental and 
Development Branch, E.-in-C."s Office 


system, and, in particular, very high attenuation 
(exceeding 120 db.) is between the trans- 
mitting aerial and receiving aerial at an intermediate 
repeater station to avoid the production of “ echo “ 
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signals by feedback froin the transmitting aerial to the 
local receiving acrial. The high attenuation is obtained 
jn the normal directivity characteristics of the 

i ly by spacing them up to 0-6 mile 
apart and 


them on yo sides of hill-tops, 
as shown in Fig. 3. Two sites, a receiving 











Fic. 3.—Lavovur or aw Lwreameniate Recay Station. 


and a transmitting site, are required at each inter- 
mediate repeater, the two being linked by buried 
coaxial © for the transmission of the radio 
frequency signal. It will be a jated that the 
selection of sites for a system of this type is very 
difficult. It is not just a question of obtaining a series 
of sites on the tops of hills, but of obtaining pairs of 
sites each below the brow of the hill, but on opposite 
sides, and each site being optically visible with respect 
to the next station. However, this difficulty must be 
balanced against the relative simplicity of the system. 
As was expected, considerable trouble was experienced 
not so rauch in finding suitable sites, but in getting 
permission to use them for the purpose in mind. 

The five hops forming the complete link vary in 
length from 18-5 to 34 miles, the paths being optical 
in all cases. For the sake of the experiment, signals 
are received at Rowley direct from the B.B.C. tele- 
vision transmitter at Alexandra Palace (Fig. 4), and, 
after demodulation, the video signals are caused to 


is fed to the transmitting rhombic. At Castleton the 
received signal is amplified and demodulated to give 
a video signal which is applied to a picture monitor. 


Equipment At INTERMEDIATE STATIONS 


The equipment at each intermediate station is 
divided between the receiving and transmitting sites 
as indicated in Fig. $. Internal equipment included 
in the main chain ies three 6 ft. 6 in. racks 
of normal 19 in. Post Office pattern, two of these 
racks being classified as “ Low- Amplifier ay <a 
and the third as a “ High-Level Amplifier Bay.” 
low-level amplifier bay is used at the receiving site 
between the receiving aerial and the inter-site coaxial 
cable, and the other precedes the hi amplifier 
bay at the transmitting site. Working and reserve 
equipment is provided at all in iate stations, 
the reserve system at each repeater normally being 
arranged as a complete parallel chain. Rack- 
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Pic. §.—Scusmatic Discaam oF Inreanmeniare Retay Station. 


mounted and portable test equipment is also 
provided. 


Low-Level Amplifier Bays. 

The low-level amplifier bays at receiving and trans- 
mitting sites differ slightly because of power feeding 
and control requirements, but the actual radio 
frequency amplifier units used in them are identical. 
Fan-assisted ventilation is employed on these bays to 
ensure low operating temperatures with a view to 
obtaining maximum possible valve and component 
life. In addition to accommodation for items essential 
to the main radio-frequency chain, and for power 
feeding, metering or control arrangements, space and 
power supplies are provided on each low-level ampli- 
fier bay to allow a demodulator of the type used at 
the receiving terminal to be jacked in for monitoring 
or test purposes. 

The standard low-level radio frequency amplifier is 
a 14-valve unit on a vertical chassis and has been 
fitted with plug and a ack connections to allow rapid 
replacement or interchange of units. The input stage 
uses a low-noise triode in a grounded-grid circuit, and 
this is followed b y a main amplifier section comprising 
seven stages of CV138 pentodes with common- 
inductance-coupled double-tuned circuits as intervalve 
couplings. Stages 9 and 10 are limiters to remove 
amplitude variations, stage 11 is an output amplifier, 
stage 12 is a cathode-follower impedance-trans- 
forming output stage, and the remaining two valves 
are for monitoring and alarm purposes. Compre- 








level of 1 


arranged in series, 
followed weak 
triode ves in 
throughout. Power units for vege 
blower for forced-air ing are moun 
6 ft. 6 in. reck as the am 

The fi i 
operating at anode dissipation, and raises 
the power level from 10 mW to approximately IW. 
The intervalve coupling networks take the form of 
top-inductance-coupled double-tuned circuits, ar- 


ranged as eee band-pass filters 
on account ae at ee —— which is a 
well-known characteristic of in grounded-grid 
circuits. The valves in this 


The single-stage unit uses a CV257 forced- 
air-cooled triode, operating with anode vol 4 

about 400 and an anode current of some 100 
appreciably under its maximum rating. The comet 
output from the pair of single-stage units in series is 
at least LOW, for an input power level of |W. Lumped 
reactances are used for most of the circuit elements, 
but an hb cagiant 5 cane 


anode ‘of the CV257 is 

h the hollow tube inner 

ner Parvo of this coaxial line circuit. 

A single-stage amplifier is illustrated 
in Fig. 8. 


Cables and Aerials. 

Working and reserve cables of an 
armoured air- coaxial type are 
laid at a depth of 2 ft. between 
receiving and transmitting sites at 
each of the intermediate stations. 
Details of the cable are as follows : 

Inner conductor, copper .. 
0-128 in. dia. 
Outer conductor, lead 





Pic. 6.—Low-Levat Ampurize Unit. 


0-75 in. inside dia. 
[4 














rhombic (Pig. 9) has a length of 

100 ft., breadth of about 35 ft., 

a height between 15 mon 30 ft. 
depending on the slope of the ground 
in front of the aerial. The width of 
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gain is some 15 db. relative to that 
of a half-wave dipole. 


Test Equipment. 

Fairly comprehensive monitoring 
and test facilities are desirable on an 
experimental link such as this, and 
equipment provided at each inter- 
mediate station includes the fol- 
lowing :— 

(a) Demodulators (working and 
reserve) to allow extraction of 
the modulation from the 
signals passing through the 
repeater. 

An oscilloscope with a Y-amp- 
lifier baving a satisfactory 
amplitude and phase response 
up to 5 Mc/s, for examination 

demodulated video, pulse, 
or square waveforms. 
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Distrene spacers 3 in 
Overall diameter including stee! 

tape armouring 1-39 
Attenuation at 195 Mc/s 
Characteristic impedance 102 


The longest length of cable between 
sites is approximately two-thirds of a 
mile, giving an attenuation of just 
under 30 db. at a frequency of 195 Mc/s 
To facilitate line-up of the system 
however, the inter-site cable loss at all 
the intermediate stations is brought up 
to a standard value of 36 db. by 
external attenuators. Besides the radi 
poe gor J signals, each coaxial inter 


cable carries A.C. power from the 
v6 


interval | 


in. dia 


44 db. per mile 
ohms 


Trroos Ampurize Unit 


CAANCED CREED CABLE 2,00008 
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(c) A simple narrow-band receiver covering some 
180-210 Mc/s for examination of the radiated 
radio frequency spectrum, measurement of 
relative levels of carrier and side frequencies, 
and investigation of any spurious signals in or 
near the operating band 
A scanning oscillator with crystal-controlled 
frequency “ markers“ to facilitate alignment 
of amplifiers on site, and to simplify any changes 
of bandwidth required 
Reflection coefficient display and measuring 
equipment (associated with the scanning oscil 
lator) which greatly facilitates aerial and feeder 
adjustments, and can be used to check input 
impedance of equipment over the band 

(f) A radio frequency level indicator, artificial 
loads, a valve tester, meters, and various minor 
items of test equipment 

The demodulator units are duplicates of those used 
at the terminal receiver. They are normally accom- 
modated on the working and reserve low-level amplifier 
bays at the transmitting site, and arranged to monitor 
the outgoing signal from the station ; but they can be 
jacked into the low-level bays at the receiving site if 
required, and used to check the signal being applied to 
the inter-site cable 

Items such as picture monitors and standard 

signal generators are not provided on a permanent 
basis at each repeater, but are taken to specific 
stations as and when required. A transmitter drive 
in transportable form is also available, and signals can 
be initiated at any intermediate station if required 


EQUIPMENT AT TRANSMITTING TERMINAI 


The Rowley Lodge transmitter occupies two 
6 ft. 6 in. racks, a “ Transmitter Drive Bay" and a 
“ High-Level Amplifier Bay * respectively, as shown 
in Fig. 10. As the system is an experimental one 
equipment design--especially for the terminal 
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raise the power level to 10W, and is 

rhombic aerial, The high-level amplifier bay 
aerial system are similar to those already des ri 
for use at intermediate stations. 


Transmilter Drive. 

In the modulator unit used for most of the earlier 
work on this link, the i 
operates at , 
indicated in Fig. 
paralle! with its tuned circuit, one being used for 
video modulation and eg Se ed for automatic 
frequency control frequency-multi 
staan aoe GONG anieeeh fee ote’ t 
of wide-band interstage coupling networks ha a 
flat response over at least + 3 Mc/s. 

The automatic frequency control system is arranged 
to stabilise the corresponding to the tip of 
the sync-pulse (Pig. 2), and in the absence of an 1 
video signal the transmitter radiates 192 Mc/s, i.e. the 
D.G. component of a video signal is transmitted. A 
peak voltmeter across the video input to the modulator 
reactance valve is calibrated for use as a deviation 
meter, and an over-deviation alarm is associated with 
this. In addition, an independent over-deviation 
alarm based on instantaneous radiated frequency is 
included in the monitoring system. 


Signal Sources and Test Equipment. 

For experimental purposes various forms of 
modulating signal have to be applied to the link. 
Video signals are normally obtained by direct rece 
tion of Alexandra Palace transmission on a high 
television receiver, but static test card patterns are 
also available, when required, from mobile monoscope 

equipment. Sine-wave signals from 10 c/s 
to 5 Mc/s are produced by a wide-range 
beat-frequency oscillator, and square 
wave sources cover 10 c/s to 200 ke/s. A 
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pulse generator provides pulses adjust- 
able in duration from over one line 
period down to one-third of a micro- 
second, with rise and decay times of 
just over 0-1 microsecond, and linear- 
phase-shift low-pass filters can be used 
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stations—is not static, and various forms of drive 
equipment have been and are being used. In general, 
however, the video signal incoming to the drive equip- 
ment is applied to some form of reactance valve, and is 
caused to frequency-modulate an oscillator running at 
a sub-multiple of the desired carrier output frequency 
The oscillator output is then frequency-multiplied, and 
amplified if necessary, to provide the desired carrier 


to reduce the build-up times when 


"in 
—- radiated signal can be demodulated 


locally, and the monitoring equi t 
provided for checking it incl a 
picture monitor, and an oscilloscope 
having a Y-amplifier designed for operation up to 
5 Mc/s. 


Equipment At Recervinc TERMINAL 


The signal from the recei aerial at Castleton is 
amplified by a standard low-level amplifier, as in- 
dicated in Fig. 11, and is then applied to a demodulator 
unit which incorporates limiter stages, a dis- 
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eriminator, and a video section The receiver occupies 
a 6 ft, 6 in. rack, iad vitenli 0 low-tnvd enagiliier 
bay of the type used at intermediate stations, but with 


ee five. 
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the demodulator arranged as an integral part of it 
instead of just for monitoring purposes 


Demodulator. 

The first valve in this unit is a CV139 triode 
operating as a fed-grid amplifier, and the input 
un is adjusted to 75 ohms. The input stage is 

ywed by a CV138 voltage amplifier, and this in 
turn feeds a primary limiter stage. A pair of secondary 
limiters which follow have their grids in parallel, but 
each anode feeds one half of a discriminator consisting 
of circuits resonant at approximately 189 and 201 Mc/s 
respectively. The outputs from the diodes in the two 
halves of the discriminator are amplified in separate 
pr ioe video amplifiers before being combined 

applied to a cathode-follower video output valve. 
Low internal impedance of the H.T. source is nece 
for the video amplifier stages, and a serics-valve LT 
stabilising system is included as an integral part of the 
demodulator unit. 

The demodulator is designed to operate with a 
normal radio frequency input level of 10 mW, but it 
will operate satisfactorily on levels down to 5mW. A 
frequency swing of 4+ 3 Mc/s in the applied signal 
provides a video output level of 1V peak-to-peak into 
a 75-ohm coaxial cable, and the demodulator is de- 
signed to handle satisfactorily modulation frequencies 
from 10 c/s to 5 Mc/s. In size and mechanical con- 
struction it closely resembles the low-level amplifier 
unit already illustrated in Fig. 6 


Monitoring and [est Equipment 

Testing facilities at the receiving terminal include 
almost all those available at intermediate repeaters, 
but a number of additional items of test equipment are 
also provided. In particular, a wide-band noise 
measuring amplifier and a range of low-pass filters 
are available for signal-to-nowe ratio measurements, 
and video equalisers can be used to modify the overall 
frequency response of the link. Picture monitors are, 
of course, essential items, and two, of differing design, 
are normally associated with the receiver. In addition, 
the location of the receiving terminal makes available 
to it the normal measuring and test equipment 
resources of the Castleton Radio Laboratory. Before 
considering the results obtained to date it must be 


emphasised again that the link is only an experimental 
one and that it has not been engineered to the 
standard necessary for a system operating on a 
commercial basis. 


PERFORMANCE 


Pictures were first sent over the complete system 
on 24th March, 1949, and Fig. 12 shows a recent 
example photographed from one of the picture 
monitors at Castleton. 

Since the tests commenced a considerable amount 
of experimental data on the radio-relaying of tele- 


that the avoidance of 
different paths would 
single-frequency link, and this 
the results so far obtained. 


Instial Results 

The first overall tests showed fairly noticeable dis- 
tortion due to signals displaced in time from the 
wanted signal. These unwanted signals were of three 
distinct types--one advanced with respect to the main 
signal by approximately 1-5 microseconds, the second 
type delayed by from 5 to 7 microseconds, and the 
third deiayed by a small fraction of a microsecond, The 
first was due to pick-up at Widley of signals direct 
from Rowley (i.e. by-passing Green Hailey), while the 
second type arose from pick-up on receiving aerials 
at repeater stations of from the local trans- 
mitting aerials. The third type of echo was due to 
irreguiarities in aerials and cables, mis-termination of 
aerials, feeders, and input cables to equipment, and 
probably to some extent to short period propagation 
echoes due to external reflections. 

In the original relay link layout, successive hops 
were zig-zagged slightly to minimise direct pick-up of 
the “ next-but-one " station; but loss of a site near 
White Horse Hill necessitated acceptance of a site 
at Widley such that the first two hops are almost in 
line, and also the introduction of an additional station 
at Hook. Aerial directivity is thus of little assistance 
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in minimising pick-up at Widiey of direct signals from 
Rowley, and reduction of at Rowley relative to 
the power radiated from Green Hailey has been neces- 
sary to reduce the advanced spurious signal to a 
reasonably satisfactory level. This can be done, of 
course, only at the cost of degraded signal-to-noise 
ratio on the Rowiley-to-Green Hailey section, and 
increase in the relative level of the local “ back-to- 
back " echo at Green Hailey 


Present Performance. 

The overall characteristics required for transmission 
of 405-line video signals have been discussed in the 
article “ Television Radio-Relay Links” already 
referred to, and the majority of the performance re- 
one, specified therein are met by this link, 

“cho signals of the 5 to 7 microsecond group are a 
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limiting factor, a ee a 
back radiation ratios of a 

sortie erotic ieiikaetene oie eed Seen Tur hes 
reasonable margin at signal-to-noise ratio, 
Sut coms of MUN toay hone te be tenia ba Sco 
duction of echo signals. The pulse response of the 
link (Fig. 13) shows that the build-up and overshoot 
requirements can be met. 
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Book Review 
“ Terrestrial Radio Waves.” H. Bremmer. Elsevier 
Publishing Co. Inc., New York. 344 pp., 91 ill 
$6-75 

This book contains a rigorous mathematical treatment 
of the theory of the propagation of clectromagnetx 
waves around a spherical earth with (4) a homogeneous 
atmosphere and (+) an atmosphere consisting of a 
troposphere and an ionosphere 

In part (e) the field intensity of the ground wave is 
first derived in the form of a series of zonal harmonics, 
which by Watson's transformation are later expressed 
as a series of residues in order to facilitate numerical 
computation. The conditions under which the various 
geometrical-optical methods may be used to calculate 
approximate values for the ground-wave intensity are 
then discussed. This part of the book concludes with a 
most useful chapter containing the results of many 
numerical calculations in the form of graphs of the 
field intensity plotted against distance for various 
frequencies, ground of various conductivities and 
dielectric constants and for a range 
transmitter and receiver above the ground 

Part (6) deals first with the effect on the ground-wave 
intensity of refraction in an idealised, spherically sym 
metrical troposphere and later extends this to include 
the effects of super-refraction and duct formation in the 
troposphere. This part of the book also includes the 
theory of sky-wave propagation via the ionosphere, and 


f heights of the 


the effect of the earth's magnetic feld on waves reflected 
from the 

Because of the rigorous mathematica! treatment of 
the subject this book will be primarily of value to the 
wave-physicist ; nevertheless, since the 
illustrated by many numerical exampies, it wi 


practical problems of wave 
the main limitation of the book will probably be the 
absence of comparisons between the results of numerical 
calculations based on highly idealised conditions and 
the results of measurements of field intensity under 
conditions as they exist in practice. It is , for 
example, to be very cautious in applying the of 
calculations of field intensities on wavelengths shorter 
than about | metre, since the shadow effects of 
terrain may lead to discrepancies of 10 or even 100 to | 
between the calculated and measured values of the 
held intensity. Other subjects which be expected 
to come within the scope of a book on “ Terrestrial Radio 
Na: tent dinates, one ee ee 
volume include 
land-sea 
and the attenuation “ee centimetric waves by the 
atmospheric gases and by rain, hail and fog. 

However, the treatment of wave propagation around 
a spherical earth under the highly idealised conditions 
assumed, is i 'y thorough and rigorous, and 
the author is to be congratulated on the success he has 
achieved in extending and unifying existing theories on 
this subject w.JB 





OLIVER HEAVISIDE—An Appreciation 


by 
Sir George Lee, O.B.E., M.C., B.Sc., Past President 1.E.E. 
(ex-Engineer-in-Chief of the Post Office) 


ime a genius springs up among 

us, and the world moves onward in some direc- 

tion at a more rapid rate. Such a genius was 

Oliver Heaviside, and the particular direction in 

the world moved was the improvement in 
telecommunications. 


Heaviside, the centenary of whose birth was 
commemorated on 18 May. was a self-taught 
mathematical jus without any advanced 
mathematical 


ROM time to time 


jon. He reached the age of 
18 at a time when te phy was in its infancy, 
ruplex (which were su 
Heaviside) were not in 

His uncle, on his mother's side, _ 
the famous inventor and telegraph pioneer, 
Charles Wheatstone, and it is probable that i 
influence of his uncle led Oliver into the telegraph 
field. The famous scientists, Faraday and Maxweil, 
had done their work on the fundamentals of electrical 
science and the telecommunications stage was thus 
well set for a man like Oliver Heaviside to enter, and 
his mathematics uced the fundamental sciences 
of porary telephony. Engineering does not 
k, it must have the science of a 
mee tay subject laid down mathematically, so that 
calculations can be made, and the effect of altering 
this or that component of the problem evaluated. 
The mathematics also points the way to further 
advances 


Heaviside commenced work as an operator with 
the Anglo-Danish Cable Co., and gained his practical 
experience in fault testing on this cable, and in 
experimenting with coils, condensers, batteries, 
telephones, ete. 


From the age of 24, however, he worked entirely 
on mathematics. In telegraphy, Kelvin's KR law 
was the only transmission formula available, and in 
telephony there was none. Oliver set to work and 
put the transmission science on a very sound and 
practical basis. This is a very good example of the 
advantage of mathematics ; Heaviside's transmission 
formula showed at once that if you increase the 
inductance of a line you can reduce the attenuation, 
and in consequence telephone to a longer distance. 
He suggested the addition of coils at intervals in the 
telephone lines and also what we now know as 
continuous loading. 


Professor Pupin, in America, experimented by 
adding inductances in the telephone line and the 


loading coil system was then born. — 

in this country, commenced 

loading coils in 1901, under Mr. T 

enormous network of loaded cables which we have at 
present was gradually built The valve am 

came just before the 1914-1 war, and by inserting 
telephone repeaters in the lines at suitable intervals, 
the limit of talking distance was set by the time delay 
between question and answer when the time of travel 
of the speech along the line became too great. 


Carrier working is now 
loading, though the latter is 
lines, where carrier working is not economical. 


Heaviside's transmission formula also brought out 
another possibility, the distortionless circuit. This, 
however, though extremely interesting scientifically, 
has not been adopted practically, as it would be too 


expensive in repeaters. Also, carrier working is a 
better alternative from the sanligelen of distortion. 
Oliver Heaviside next turned his attention to 
wireless and he worked out many radiation 
The most striking suggestion of his was t there 
was possibly a conducting layer in the 
atmosphere and that wireless waves might 
the world with their heads hitched on to t — 
layer and their feet on to the ground or sea. i 
upper layer of ionised air was subsequently discovered 
by Appleton in 1925, at a height of 100 km. above 
the earth. Heaviside did not develop the idea any 
further and we do not know what led him to it. 
The value of this discovery is very great, as the 
seasonal changes in this and other higher layers, 
which were discovered A subsequently, 
have been mapped out, the forecasting of the best 
short wave to use at a particular time in the future, 
for a specified route, is now carried out. 


Heaviside lived as a recluse, in relative poverty. 
His mathematics were at first unacceptable to the 
orthodox mathematicians of this i but by 
middle age he had been recognised, and before he 
died he was satisfied that his work was appreciated. 
We can now say that but for Heaviside, telecom- 
munications would not have been developed to 
anything near their present extent at this present 
time. We are accustomed to thinking of telephones 
in terms of numbers of subscribers, but it must not 
be overlooked that without the possibility of talking 
to some distant subscribers, many people would not 
have a telephone at all. 





Notes on the Centenary Meeting, 18 May, 1950 


by 


W. G. Radley, C.B.E., Ph.D., M.1LE.E. 
(Deputy Engineer-in-Chief of the Post Office) 


Oliver Heaviside was for a time a member of the 
Society of Telegraph Engineers, as the Institution of 
Electrical Engineers was called in its early days. It 
was, therefore, fitting that the Institution should hold a 
commemorative meeting on the centenary of his birth 

The centenary meeting was in two sessions. During 
the afternoon, the President of the Institution 
Professor E. B. Moullin, was supported by Sir Robert 
Robinson, President of the Royal Society, and both 
paid tribute to Heaviside. Sir George then 
described the kind of man Oliver Heaviside was 
Sir George Lee's paper was based on personal accounts 
by Heaviside’s friends and quotations from his own 
letters and books. We gained a picture of a man 
who lived alone and whom very few people knew 
This man was outspoken in his criticisms and at 
loggerheads with many of his contemporaries, but 
had many likeable characteristics 

Following Sir George Lee, Sir Edward Appleton, 
Principal and Vice-Chancellor, University of Edin- 
burgh, who was to broadcast on Oliver Heaviside 
later in the evening, spoke chiefly of the reflecting 
layers in the upper atmosphere which were suggested 
by Heaviside in an article written in 1902. The 
selection of this speaker was a happy one as he has 
contributed so much to our present knowledge of 
these layers which are of great importance to long 
distance radio communication 

The present Engineer-in-Chief, Sir Archibald Gill 
referred to Heaviside's contributions to long-distance 
line telephony and telegraphy and while regretting 
that his suggestions for the inductive loading of lines 
had not been more quickly taken up, emphasised the 
value loading had been to the development of long 
distance telephony in the years immediately following 
the first World War 

Contributions followed from Dr. M. J. H. Ponte, 
President of the Société Francaise des Electriciens 
and Past-President of the Société des Radioélectriciens, 
who attended in person to represent French engineers, 
and from Dr. O. E. Buckley, President of the Bell 
Telephone Laboratories, U.S.A., who sent a recorded 
me 


Lee 


Professor E. B. Moullin then read a message from 


Professor Harold Jeffreys, Plumian Professor of 
Astronomy and Experimenta! Philosophy, University 
of Cambridge, which had particular regard to the 
value of Heaviside’s physical mathematics, and Sir 
Edmund Whittaker, Emeritus Professor of Mathe- 
matics, Edinburgh University, paid a nice tribute to 
Heaviside’s work on behalf of mathematicians 
generally. The afternoon session closed with a racy 
account of some of the more personal aspects of 
Heaviside’s life from Dr. G. F.C. Searle, who is one of 
the few living scientists who knew Heaviside personally 


The President opened the e¢ session 34 
referring to the work which Mr. H. 
member of the Research Branch at Dollis Hi iad 
done in studying the Heaviside manuscripts in the 
possession the Institution. These manuscripts 
include a large number of loose sheets of paper and 
notebooks, containing the mathematics upon which 
Heaviside worked during the latter years of his life. 
Mr. Josephs found that they contained many new and 
significant theorems which Heaviside had probably 
intended to publish in his Fourth Volume on 
“ Electro-magnetic Theory.” In a short talk which 
Mr. Josephs gave later, he pointed out that these 
theorems contained the formulation of a unified theory 
in which electro-magnetism is correlated with atomic 
structure, mass-properties and gravitation, 

Professor Willis Jackson of the University of 
London, presented a paper reviewing various aspects 
of Heaviside's published work. He showed how 
Maxwell's Theory of Electro-magnetic Wave Propa- 
gation had been used in Heaviside's successful en- 
deavour to develop a comprehensive t of tele- 
graph and telephone line transmission. gave a 
selection of extracts from Heaviside's writings which 
illustrated the spontaneity of his style and his power 
of deductive reasoning. Frahesier ith van der Pol, 
Director-General of the C.C.LR., followed with an 
historical survey of Heaviside’s achievements with his 
operational calculus. 

The last of the evening | 88 aoe agen by the 
author of t notes, and consisted of a review of 
50 years’ development in telephone and toheerage 
transmission as related to the work of Heaviside. 
The audience was given a demonstration of the 
benefits to be obtained by loading cables, from speech 
reproduced over loaded and unloaded circuits in a 
Post Office cable. Reflection of pulses of hi 
frequency current travelling along coaxial cables 
irregularities in the cable were shown on cathode ray 
oscilloscopes and Sir Edward Appleton’s first experi- 
mental determination of the height of the Heaviside 
layer was shown in a miniature form within the 
Lecture Theatre. 

The vote of thanks to all who had taken part was 
proposed to a well-filled Lecture Theatre, including 
many of Heaviside's relatives, by Sir Stanley Angwin, 
the last Engineer-in-Chief. 

The papers presented, and the tributes paid to 
Heavisite at ¢ the ing, will be i in a special 
issue of the — of the oo of Electrical 
Engineers. paper by Mr — a present 
Heaviside» hitherto unpublished t wil 


constitute a t contribution to cae and 
natiueatiell thought. 
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The Electrical Power System for 
A. J. THOMSON* 


Handling Cable in H.M.T.S. Monarch 


U.D.C. 621.315.2684 


The some Stats the equipment co 


Introduction. 
SHORT description of the electrical power 
installation in H.M.T.S. Monarch was given in 
the general article on the vessel in the January, 
1947, issue of the Journal. The system used is 
sufficiently novel, however, to justify a more detailed 
— particularly, since it has now been in 
for three years. During this 
pr 9 Bn 209 pa a sufficient number of 
repair and laying —_— the North and South 


machinery at sea are flexibility, ability to stall on 
load for long ’ and to pull away the cable 
ietsaskuniiaeen ee easing of the tension. Until 
he advent of the Monarch, the only drive considered 
requirements was the triple-crank 

, which was eminently suitable for this 

of work and appeared likely to hold this field 
indefinitely. The use of the constant current system, 
however, enables an electric motor to duplicate all the 


One disadvantage of the steam engine is the 
liability of the cylinders to become waterlogged when 
under prolonged stalled condition, with the con- 
sequent danger of cracked cylinder covers should the 
load take charge and rotate the engine. Under these 
same circumstances, the steam engine is sometimes 
dificult to start slowly and smoothly and, until 
cleared of condensate, is liable to jerk the cable. In 
addition, heat loss, by radiation from long steam pipe 
connections, can add considerably to the fuel bill. 
These disadvantages are eliminated in the motor 
drive whilst the desirable features of the steam 
engine are retained 


Tur Generator Room Equirement 


The electrical generating plant is installed in a 
space 45 ft. « 35 ft. abaft the main engine room and 
comprises the following items: Two 200-kW geared 
steam turbine sets 8,000/1,200 r.p.m., each with self- 
contained condensing plant. Each turbine drives two 
100-kKW, 220-V D.C. generators in tandem. Two 
six-cylinder diesel engines, rated speed 1,000 r.p.m 
each driving a 100-kW, 220-V D.C. generator Two 
amplidyne exciter sets, each driven by a compound 
wound D.C, motor of 4} h.p. at 1,500 r.p.m 

As one 200-kW steam set can normally supply all 
the light and power required, this arrangement gives 
a large reserve of plont readily available and com 
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im the Monarch. giving important advantages steam-driven machinery. 
cle at prea EN PSs orp cabling eres 


plete flexibility of generating equipment for 
emergency which could arise during steaming, 
or repairing cables. All six generators are a 
for parallel operation at constant voltage, and i 
condition are normal compound-wound D.C. 


driven set and the one on the starboard diesel-engine- 
driven set, are available for use, in any combination, 
for supplying power to the 300-A constant current 
circuit which runs the full length of the ship. One 
turbine-driven set, with one generator on constant 
voltage and the other on constant current operation, 
is normally sufficient at sea for cable work. The 
diesel-driven sets are mainly for use in port when the 
main boilers are shut down. One set is sufficient for 
normal lighting, etc., but if power is required in the 
constant-current circuit both are run, the port 
machine on constant voltage operation and the 
starboard on constant current. Being starting 
and economical they are also very when the 
ship is on cable work and one steam set only in use 
for all purposes, to parallel-in with the machine in 
constant voltage condition and assist over peak load 
periods. One only, of the amplidyne exciter sets is 
used to supply the fields of the tors when on 
constant current operation, the other being kept in 
reserve 

Constant current distribution is arranged from a 
six-panel board (Fig. 1) which, with the exception of 
the excitation panel, is of the “ dead front " type in 
view of the total voltage, which may reach a figure of 
650) maximum. The inboard section is the excitation 
panel carrying the controls for the two amplidynes, 
the volt and ampere meters. The ing three are 
the generating panels which are equipped with hand- 
wheels for changing over the appropriate generators 
from constant voltage to constant current, by means 
of switches at the back of the panels. The remaining 
two, on the outboard end, are the outgoing panels, one 
controlling the forward section of the series circuit, 
the other controlling the after-section. The forward 
section consists of two 160-h.p. motor-driven picking- 
up and paying-out cable machines and a 100-h.p. 
motor-driven combined capstan and anchor windlass, 
while the aft section comprises an 80-h.p. motor-driven 
paying-out machine and two 45-h.p. motor-driven 
mooring capstans. The board is provided with a 
mimic diagram running along the top, which shows 
clearly the condition under which the generators are 
operating and the distribution position at the out- 
going panels 

The constant current mains and the constant voltage 
feeders are Pyrotenax cable, which has a mineral 
insulation and is sheathed in copper. This type of 
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cable is fire , mechanically strong and lends itself 
to neat compact layout. The one disadvantage 
is that the insulating material is slightly hygroscopic 
and the ends require careful sealing ; no trouble has 
been experienced, however, in practice, from this 
cause in Monarch. 


mp is a simplified diagram of the power circuit in 
the ship, showing the amplidyne in use as a constant 
current regulator. The amplidyne is a D.( 
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Motor CONTROL AND CHARACTERISTICS 
The torque of each motor on the constant current 
circuit is controlled by adjustment of its 
excited field by the rheostat shown, and the ° 
excited field stabilises the speed. Contactors, C, 
allow for cutting each motor in or out of the series 
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having two poles and two pairs of brushes at right 
angles to each other, one pair of which is short 
circuited. Unlike the ordinary D.C. generator the 
main field, instead of being induced by the normal field 
winding, is set up by currents flowing in the armature 


cireuit, and are interlocked in such a way that 
series circuit is never broken. Contactors PU 
PO determine the direction of rotation of the motor 
for picking up or paying out cable. The switches 
marked SS and IS are respectively the shorting and 








isolating switches which control the two sections of 
the constant-current mains. 

S are mechanically interlocked 
so that IS must be made before SS can be broken and 
conversely, when isolating a section, SS must be made 


the motors as fitted to Monarch’s 

is oe: two mechanically interlocked 

on a ship's telegraph-type pedestal, 

one handle controlling the direction of rotation and the 

other torque (and speed). A weatherproof electrical 
speed indicator panel with pilot lights 
is mounted close to each controller 
With this simple arrangement, a very 
fine control over the tension in the 
cable is obtained when picking up with 
the forward machines. With the arma- 
ture current held constant at 300A, the 
motor t is controlled by varying 
the field excitation current and can be 
so adjusted by movement of the torque 
control handle that the motor will stall 
ined weight on the 
the load decreasing, as it 


the stalling weight as previously 
determined. 
The following are the mean values 
of a number of readings taken with a 
weight of 6-5 tons over the bow sheaves, Fis. 3 
and the high gear ratio of 57/I 
between motor and cable drum speeds 
Current in armature circuit 
Minimum field current required to 
start armature rotating in pick 
up direction 4-7A 
Equivalent turning effort developed 
¥ motor armature 880 Ib./ft. 
The slightest movement of the contro! handle to 
weaken the excitation current below 4-7A when 
ary up caused the motor to stop. This weight 
6-5 tons) is the maximum which can be lifted at this 
ratio, but a low-speed gear ratio of 227:1 is provided, 
at which 26 tons can be lifted. With this weight over 
the bow sheaves the mean values of the readings are— 


Current in armature circuit BOOA 
Minimum field current required to 
Start armature rotating in pick 
up direction 8A 
Equivalent turning effort developed 
y motor armature 1,200 Ib./ft. 
The cable drum diameter is 5 ft. 8 in., and with a 
2-in. diameter cable the respective cable speeds are 
3 knots and 0-75 knot with a motor speed of 40 r.p.m. 
At these speeds and weights the crane-hook horse 
power is 134 in both cases 
In earlier cable ships it was common practice not to 
_— a power drive to the aft paying-out machine. 
t was often necessary, therefore, to improvise some 
form of drive, usually from the nearest winch, when 
starting to lay and before there was sufficient drag on 
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Monarch's paying-out . Dis 
by an 80-h.p. motor Se cable 
aring, the ratio of motor to drum 
font The use of electrical drive in the 
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constant-current system enables this motor to be used 
in cable laying as a powerful regenerative brake for 
controlling the cable speed in relation to the seg 

speed. By using one of the 100-kW generators for 
constant current supply and the other for constant 
voltage, the regenerated a. is usefully employed 


in supplying other electrically ted apparatus in 
the ship. The motor edeeeh the aft paying-out 
machine to be used, to a certain extent, for picking up 
cable in addition to its use for paying out before the 
ship has gathered way and can exert sufficient drag 
on the cable to move the machine. Electrical braking 
was originally intended to be alternative, or supple- 
mentary, to the older type brakes, which are also 
fitted, but operating experience has reversed this 
intention and the latter are now considered 
supplementary. 


Tyricat Laytnc OPERATIONS 

In August, 1948, Monarch successfully laid 1,120 
miles of deep-sea cable between Pernambuco and 
St. Vincent, 50 miles of which was paid out at the 
St. Vincent end -— the bows in a depth of approxi- 
mately two miles ; ying-out speed was six knots 
and the restraint on my a three tons. The re- 
maining 1,070 miles were paid out over the stern from 
Pernambuco, commencing at 5 p.m. on the 23rd 
August and finishing at 2 p.m. on the 30th August, 
when connection was made with the 50 miles pre- 
viously laid 

Laying commenced in a depth of 13 fathoms ; this 





increased to over two miles after 50 miles had 
paid out and, thereafter, remained reasonably 
it between 2 and 24 miles. The tension/depth 
(Fig. 4) for this particular job shows the ground 
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Tension graphs for a particular slackness are worked 
out before commencing to lay a cable, on a basis of 
1,000 fathoms depth, and a range of 
usually 4 to 7 knots. Corrections are 
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on which the cable was laid. The speed of the ship 
was kept between 6and 7 knots, and the cable paid out 
with an average slack of 7°25 per cent. ; the necessary 
tension in the cable for this was mainly about 2) tons 
The motor speed averaged 700 r.p.m., and the power 
regenerated at this speed was 42 kW 

At the speed and deoth at which the cable was laid, 
the electrical brake - was insufficient to regulate 
the cable speed and the fan brake was 
used to supplement it, an additional 
25/30 h.p. absorption by this means 
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variations above or below this depth and for altera- 
tion in speed during the laying operation. 

of depth, ship's speed and cable speed are taken at 
half-hourly intervals. 

As a matter of interest to readers another typical 
tension/depth graph is shown in Fig. 5. This was 
taken from the paying-out log of the Malaga-Las 
Palmas diversion in July, 1949. As the sea bottom 
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being required to impose the necessary 
restraint on the cable The friction 
brakes were not used except for holding 
purposes when the ship was stopped to 
change from one cable tank emptied of 
cable to a full one. Owing to the 
liberal rating of the motor of th 
paying-out machine, it will be possibk 
m the future, by connecting the field 
coils in series-paralle! and modifying 
the field control potentiometer 
resistances, to increase the maximum aaa 
regenerative braking load by about akg 
60 per cent. This will enable all 
braking to be made electrically, and 
the use of the fan brake can be dispensed with under 
normal conditions. 
Referring to the depth/tension graph of the 
Pernambuco-St. Vincent renewal, it will be seen that, 
of the difference in scales of depth and 
distance, a somewhat exaggerated picture of 
irregularities of the sea bottom is obtained. It shows 
more clearly, however, the relationship between the 
depth of the water and the tension applied to the 
cable to maintain the required amount of slack 
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here is comparatively flat with no abrupt peaks or 
valleys, the cable was laid with a slack of 6-5 per cent. 
The cable used was recovered in the South Atlantic 
by the Monarch in 1948 and reconditioned by Pirelli 
at La Spezia; because of difficulty in handling in the 
cable tanks, it was paid out at the comparatively 
low speed of 5} knots. In spite of the reduced speed 
the electrical braking was quite effective, and a re- 
generation of about 30 kW was obtained. 








Notes and Comments 


Recent Award 


The Board of Editors has learnt with great pleasure of the honour recently conferred upon the following 


member of the Engineering Department — 
Swansea Telephone Area.. de Jong, N.C.C 


Mr. C. E. Moffatt, A.C.G.1., Wh.8x., ALES. 


re ere to Mr. C. E. Moffatt, Deputy 
Chief Engineer, London Telecommunications 
Kegion, on his promotion to Staff Engineer, External 
Plant and Protection Branch, in succession to Mr. P. 
B. Frost 
Mr. Mofiatt entered H.M. Dockyard, as a fitter and 
turner apprentice, in 1917, and after completing his 
SS, course, he gained a Whitworth 
ibition and spent a further three years at the City 
and Guilds Engineering College, London. gaining the 
Diploma of A.C.G.1 


He entered the Post Office as Probationary 
Assistant Engineer in 1025. After a short period in 
the Testing Branch, he was posted to Southampton, 
remaining there until 1932, when he was transferred 
to the Technical Section of the old South Midland 
District at Reading. Two years later he was appointed 
Sectional Engineer at Reading, and took an active 
part in the drive for the expansion of the telephone 
service that resulted from the rate reductions intro 
duced by Sir Kingsley Wood 

In 1938, he was appointed Ascistant Superintending 
Engineer at Bristol and devoted increasing attention 
to the defence measures then being developed. The 
war period brought to the uth-West Region, as it 
had then become, a full measure of bombing and he 
was concerned with the restoration of communications 


106 


Area Engineer 


The Order of 
Orange Nassau 


after air attacks on Southampton, Bristol, Plymouth, 
Exeter, Bath, and many other places. In 1944, 
followed the urgent tasks of great magnitude that were 
a prelude to the D-day operations. 

In 1946, he was transferred to London as Deputy 
C.R.E., and war concerned with the arrangements for 
the reorganisation of the i i staff of the 
L.T.R. Since 1947, he has been i of the L.T.R. 
Amateur Sports Association. 

Possessed of a genial ity, an equable 
disposition, and a sense of humour, Moffatt brings to 
his new task a sound engineering knowledge and a 


Major, Royal Signals 


wide experience. These qualities will ensure his 

success and all his many friends throughout the 

L.T.R. and elsewhere wish him well in his new 6 
Ww. S. P. 


Retirement of Mr. P. B. Frost, B.Sc., M.1.£.£. 

On 30th June, the Engineer-in-Chief's Cffice lost 
retirement the services of Mr. P. B. Frost, 
Engineer in charge of the External Plant and Protec- 
tion Branch since 1937 

After completing his educational course in Electrical 
Engineering at the City and Guilds Technica! College, 
Finsbury, and after having spent three years on 
Workshop Training and one year with the London 
County Council Tramway Department, Mr. Frost 
joined the Engineer-in-Chief’s Office in 1909. 





in the Testing Branch and in the Power 

t Branches wes followed by five years’ 

World War as an Officer in what was 

Piya ag sage Signals Service. After a 

of duty in the Equipment Branch, Mr 

External Plant and Protection 

Construction Section) in 1933, and 

arising from power circuit 

corrosion. He was made an Assistant 

Staff Engineer in 1934. His work in this talised 

field led to his representing the Post ( at a 

number of International Conferences (C.C.L.F. and 

C.M.1.) and to his acting as Chairman of two C.M.I 

Investigating Committees. In these capacities he 

made important contributions to the work of the bodies 

concerned. His wide knowledge of different branches 

of Electrical Engineering led also to his representing 

the Post Office on a number of Technical Committees 

of the E.R.A. and B.S.1. and on Committees of the 

Institution of Electrica! Engineers 

A modest and charming man, a sympathetic and 

helpful Chief and colleague, Mr. Frost will be missed as 

by the many friends he has made in the office as 

by those whose contacts have been confined to official 

matters. It is the earnest wish of all that he may 
enjoy a long and happy period of retirement. J. I 


The Cable and Wireless Ltd. Transfer 


Ao part of 0 SR eee oe nee 
Commonwealth communications, the operation of 
Cable & Wireless, Ltd., services in the United 
was taken over by the Post Office on Ist 
This has involved the transfer to the Post of the 
Company's main operating station at Electra House. 
London, their branch offices the country 
and the five radio stations at , Ongar 
Bodmin, Brentwood and Somerton, respectively. 


for this purpose. 

Of approxima 4,400 of the 
transferred to the Office, some 
welcomed into the Engineering Department. We feel 
sure that our new colleagues will q ae SP 
now that the transfer has been 
and they may be assured of the hearty pon thee of 
all engineering staff with whom they come in contact 
during their official duties. 





Institution of Post Office Electrical Engineers 


Annual Awards for Junior Section Papers— 
Session 1948/49 


The Judging Committee has selected the following from 
the papers submitted by the Local Centre Commuttees 
and awards of {3 3s. 0d. and Institution certificates have 


been made accordingly 


Jumeor 

Centre Title of Paper 
Aberdeen Aberdeen Trunk Test 

Rack” 

London The All-Relay Director 
Flexibility in Cable Net 
works, the evolution of 
and observations on the 
Cabinet and Pillar 
* Award shared 


D. G. Elliott 


A. Entwistle 


RAGm fe Mate 


Normally five awards are made, but in view of the 
comparatively small number of papers submitted on 
this occasion the Council decided to limit the awards to 
three 

The Council is indebted to Messrs. W. S. Procter 
H. F, Epps and G. 5. Berkeley for kindly undertaking 
the adjudication of the papers forwarded for considera 
thon 


Essay Competition, 1949/50, Results 


Prizes of {3 3s. Od. each and Institution certificates 
have been awarded to the following three competitors : 
E. F. Taunton, Technical Officer, Inverness, “The 
Practical Trai of Youths in the Post Office 
ing Department’ J. A. Nash, Technician Cl ), 
Colchester, “Combined Construction : High Voltage, 
Low Voltage, and the G.P.O.”; L. Gardner, Technical 
Officer, Prescot, “Some Special Faults Investigations and 
Clears.” 

Institution Certificates of Merit have been awarded 
to: W. Hi Elliott, Technician Cl.II (A), Rugby — 
Station, “The methods evolved and difficulties 
countered in performing the Tests Foy a 
Wi2 Mk. IV Transmitter at Rugby Radio Station” ; 
W. T. Webb, Technician CLII (B), Southsea, an 
Training School” ; H. B. Coulthard, Technician C1.1T (A), 
“Publicity.” 


Carlisle 


J. READING, 
Secretary. 


N_B.—-Particulars of the next competition, — for 
which closes on the 3ist December, 1960, be 
published later 











North-Eastern Region 
PLOODING OF PATELEY BRIDGE EXCHANGE 
On loth February, 1960, a spell of heavy rain, followed 
a a rapid thaw of the snow on surrounding hills, caused 
the flooding of Pateley Fridge exchange to a depth of 
134 inches. Water entered the main and local under- 
cables via the M.D.F. and reached the lower 
. and K relays and junction relay sets, causing Pateley 
Bridge U.A.X%. 13 and its dependent AX. 12, Ramagill, 
to be isolated at about 6.30 p.m 
A mobile U.A.X. 12 from York was taken to the aite 
and connected to the underground cables at a con 
venient point on higher ground near the exchange. This 
&@ temporary service to be restored to 74 of the 
137 Pateley Bridge subscribers from 6.30 p.m. on 16th 
Pebruary, 1950. At the same time service was restored 
to Ramegill  A.X. 12 by connecting its three B/W 
junctions direct to Harrogate ND acto exchange 
Restoration on a temporary basis was hampered by the 
fact that a distribution cabinet had also been flooded, and 
subscribers in the affected cabinet area could not be con 
nected until the cabinet assemblies had been changed 
Fortunately the batteries were only slightly affected, 
and after recharging by means of the mobile generator 
they were soon restored to service It was necessary 
however, to renew all the underground cables from the 
M.D.F. to a nearby joint as the water had run back 
down the cables for a distance of six or seven yards. For 
the permanent restoration, it was decided to replace all 
individual items damaged by water and to dry out the 
internal wiring by using a concentration of heat, vacuum- 
cleaner attachments, fans and hairdriers. By working 
day and night shifts, and with concentrated effort, it was 
possible to complete the work and restore a full service 
on the original exchange by 2.30 p.m. on Sunday, 19th 
February, 1950 
Although a flooded-area type building had been 
erected, and the floods were the highest in the district 
for about 25 years, it was thought that precautions 
should be taken to minimise the risk of future flooding 
The method adopted was to raise the whole of the 
U.A.X. equipment (four A, five B and one C Units) by 
12 in., i.e. the maximum distance above the Units to the 
roof crom-members. U-shaped lifting brackets were 
made from 3 in. = 1 in. mild steel and passed under each 
Unit in the row. The brackets'were then cach bolted to 
two 4in. «4 in. H-iron girders, one at each side of the 
row of Units. Eight car-type lifting jacks were used, 
four at each side under the H-iron girders, and the Units 
lifted 6in. The Units were then supported on sleepers 
amd the lifting tackle transferred to the other row of 
Units 
It was necessary to complete the lift in stages of 6 in 
because of the limit imposed by the cables connecting the 
© Units to the B Units The play of 6 in. was obtained 
by unbolting the cable trough and breaking the gasket 
between the trough and the B Unit. The Units were 
finally supported on 12 in. «6 in. H-Section iron 
girders, a short length of which was placed under the feet 
of each pair of Units. The lower row of secondary cells 
the charging rectifier and the Power Company's meter 
and fuses were also moved to positions wel! clear of any 
further probable flood level! r. J 


EXPERIMENT IN KIOSK ERECTION 
In order to reduce ineffective costs in travelling to 
decorate kiosks erected on site, especially in rural areas 
it was decided to amemble and decorate kiosks at a 
central point. A suitable building where this work could 


be done under cover was chosen, since this eliminates any 
loss of time due to bad weather 
As the weight of an assembled kiosk is about one ton, it 
was obvious that a three-man kiosk party could not load 
and unload the kiosk without either additional assistance 
or some mechanical aid. The use of additional man- 
power would have reduced the overall saving and, there- 
fore, it was necessary to produce a mechanical aid 
Various methods were considered and in the final 
arrangement the method of operation is as follows >— 
1) kiosk, derrick, vehicle and lifting tackle in 
position ready to start 
2) kiosk lowered on to a roller fitted at rear end of the 
vehicle floor 
(3) kiosk raised to a horizontal position, as shown in 
the illustration. Weight taken on rear roller 


Kiosk Loapinec Orerattion 


} dernck and kiosk moved forward. Kiosk weight 
now taken on rear and forward rollers 
5) kiosk in final carrying position, derrick loaded 
and operation complete 

Unloading is the reverse of the above procedure and, if 
necessary, the kiosk can be unloaded on to a flat trolley 
which has been made for the purpose of moving the 
kiosk in awkward places. In the majority of cases, the 
vehicle can be backed to the actual site 

The general procedure is for three men to assemble a 
number of kiosks. Two of the men then travel to the 
sites and prepare bases whilst the third man decorates 
the assembled kiosks. When bases and kiosks are ready 
the three-man party erects the kiosks. In using this 
method in the Middlesbrough area, the average saving 
has been 15 manhours per kiosk 

The derrick was constructed from angle and channel 
iron in the local workshop ; it has already proved of use 
in handling U.A.X. Units and could also be of use in 
lowering loading coils into manholes, etc E.R.T 





Scotiand 
CABLE-LAYING ON A GOLF COURSE 


Occasion arose in April to lay a cable across two 
fairways of the Old Course of the Royal and Ancient 
Golf Club, St. Andrews, and the standard mole drainer 
equipped for feeding in cable behind the blade was used 
As the course had been closed for a month to get it into 
perfect condition for the Amateur Championship, it was 
with some trepidation that the job was tackied, as a scar 
across that sacred turf on such an occasion would have 
caused much heartburning. However, the job was done, 
and the almost complete absence of any mark afterwards 
is the excuse for mentioning the matter here, as it was 
not realised that such a perfect reinstatement could be 
effected on cultivated grass. While the main closing of 
the slit was carried out by a heavy roller, it was found 
desirable to close it partially by foot pressure before 
putting the roller over it to avoid a slight turning of the 
sod and distortion of the edges. The job was completed 
by brushing the track with a stiff brush 
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ROMAN REMAINS AT COLCHESTER TELEPHONE 
EXCHANGI 


Colchester (Camulodunum) is one of the oldest, if not 
the oldest, recorded town in Britain ; and the decision to 
enlarge the telephone exchange building by an extension 
in the rear, and at the same time to construct a deep 
basement, was of immediate interest to the archwological 
world. The approximate design of the Roman town of 
Camulodunum, with its chequerboard layout of parallel 
streets running North to South and East to West, was 
known, and it was anticipated, that one of the streets 
would run through the portion of land which would have 
to be excavated 

Arrangements were made by the Ministry of Works 
who were in charge of the building work, for the soil to 
be very carefully removed and hand-sorted so that 
nothing of archwologica] interest which had a bearing 
on life at the time of the Roman occupation of Britain 
should be lost. The excavations commenced in January 
and the expected Roman street was early in evidence 
with layers of shingle down to a depth of eight feet, along 
with plentiful supplies of the well-known Roman bricks 


Roman Remains 


About six feet from the surface was the laver of burnt 
earth, a significant reminder of the troubles of the town 
in the year a.p. 61, when Queen Boadicea and her 
tribesmen of the Iceni stormed the town, exterminated 


Colchester in the year a. 
excavations was found 


build up a very good idea of the creature which 
around the area in the very carly days. 


PROTECTIVE MEASURES ON MAGDALEN 
BRIDGE, OXFORD 

Magdalen Bridge is the principal means of approach 
to the centre of Oxford from the east, and this, with its 
historical and sentimental values, has made the 
preservation of the bridge a matter of more than local 
im portance 

Concern has been felt for many years over the steady 
deterioration of the original stonework and the gradual 
disintegration of the mortar from the When 
it was discovered in the summer of 1949 that subsidences 
had occurred under the numerous service pipes passing 
over the bridge, the Surveyor arranged for the 
water-proofing of the as a matter of urgency, 
and it was decided to use a high-pressure cementation 
process whereby the bridge would be water-proofed 
and strengthened simultaneously This process is 
intended to fill all voids and cavities in the arches and 
columns with cement and entails drilling holes of approxi- 
mately 1 in. diameter at yard intervals in the road 
surface through which water is injected to wash out 
joose material including any disintegrated mortar. 
This is followed by a thin grout which is thickened up 
as the pressure increases until penetration through the 
immediate area of the bridge is secured. 

It 
undertaken the various service pi 
become blocked by the entry of 
ascertained by piloting that no 
pipes was available. Ten Post ( 
pipes of various sizes and 
together with one S.A.D., and a 
trunk and junction cables as 
carried in them. Ten of these are 
north footway together with an 18-in. 
gas mains and electricity cables, all 
within a depth of 19 in. over the , 
the number of Post Office was considered adequate 
for future requirements, it was known that certain old 
types of coupling existed at various places on the bridge 
and it was thought that vibration would inevitably have 
affected a number of joints, and that various and 
defects might exist. At such points the liquid grout 
would penetrate and result in blockage of the pipes and 








corrosion of the cables and prevent the esential recovery 
older cables, even if it did not penetrate 
manholes at the ends of the bridge 
It was decided therefore to expose all prpes over each 
the arches and out protective measures at points 
. Each joint was covered with 
Ae hesian tape and a cement collar 
the taped joints. These joints can be seen 
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in the close-up view of the protective measures. In 

. approximately 270 joints were concerned and the 
work spread over two months 

The work naturally presented certain difficulties 
from a contractual viewpoint. As each of the other 
Services concerned——water, gas and electricity—had 
also decided upon protective measures, proposals were 
made for one contractor to carry out the whole of the 
work and amicable arrangements made for the apportion- 
ment of the costs between the various authorities. By 
the co-operation of all parties, the contractor was 

bled to « work sufficiently in advance of the 
cementation process to ensure that the bridge work was 
not delayed. At the time of writing, the protective 
measures on the north footway are completed and the 
cementation process is proceeding steadily. No evidence 
of grout penetration exists, but the success of the 
measures will not be finally known until the process of 
recovery and renewal of the cables is completed later 
in the year 

The operations on the bridge have been complicated 
by the coincident construction of a roundabout in place 
of an old burial ground at the cast end of the bridge 
It has been necessary to carry out certain advance 
ductwork in conjunction with these operations and to 
abandon two old pipes passing through the centre of the 
roundabout. It has been found possible to divert these 
pipes into a new manhole and commence a programme 
of cable renewal, which it is hoped, will ensure a swfficient 
number of spare ways being available over the bridge for 
future requirements and will simplify some of the cable 
maintenance problems at this point in the Oxford 
network K.W.H 





SEVERE STORM DAMAGI 


The wintry spell in the latter part of April culminated 
during the night of the 25th/26th in a sudden, short but 
heavy fall of snow which caused widespread havoc to 
open wires and poles in an area extending from Maidstone 
to beyond the border of the South West Region, and 
from Ascot to Petersfield, Horsham and East Grinstead 
There was also damage over much of the southern 
territory of the London Telecommunications Remon 
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The snow was of a heavy wet variety and there 
sufhcient frost in the air to cause the snow to stick to 
wires and build up “ ropes” of Lin. to 
within two or three hours. Railway routes 
seriously and overhead power supplies to a 
exchanges and carrier stations were interru 
oF 6 

Some 24,000 subscribers’ lines were put out 
the whole of the Guildford Telephone 2 
seriously affected to the extent of 14,200 lines 
total of 36,000. This varied from 50 Pose 
order in the Basingstoke Maintenance trol territory 
to 25 per cent. in that of the Dorking Control. The 
damage was similarly severe in the Sevenoaks Mainten- 
ance Contro! of the Tun! Wells Telephone Area, 
with some 45 per cent. the lines affected; in 


fact the impression gained in and around Sevenoaks was 
that hardly a span remained where the wires were intact 
and in good regulation, and relatively few poles were 


not pulled from upright. One of the — 
typical damage to subscribers’ lines of the 











T¥PICaL Dauaee to D.P. anp Supscripers’ Lives. 


Cantefbury, Reading, Portsmouth and Brighton Tele- 
phone Areas were also involved, but to a less widespread 
extent and by heavy concentration of effort were 
cleared within 10 days 

Pole breakages to a total of some 580 occurred, 
practically all falling in line with the route rather than 
at right angles since there was very little wind. The most 
spectacular breakages occurred on an “ H " pole route 
between Sevenoaks and Tonbridge, as illustrated 
Twenty-five such poles broke, but where no strut existed 
the breakage was generally at ground level. Similarly 
a heavy route between Basingstoke and Aldershot, 
ontaining wires up to 400 Ibs., was down over much of 





the distance, with poles and wires lying on the grass 
. Most of the wires were due for recovery, but the 
junction and subscribers’ circuits necessitated 

use of interruption cable pending underground or 








Reproduced by courtesy of | wmbridge Welis A dworteae ~ 
Baoxen H-Pows surween Sevewoans any Tompaipes. 


aerial cabling and opening new D.Ps, The great 
ma} ty of broken poles showed no sign of decay 
D.P.s were broken, especially where forming 


part of an old heavy route, opportunity was taken in 
suitable cases to restore service by an increased namber 


of D.P.s, mainly of the ring type. In general, where 10 
or more wires were down for more than a few spans 
interruption cable was laid, and in the great majority of 
cases was by aerial cable as quickly as stores 
came to hand. About 60 miles of interruption cable was 
used. For the smaller routes and subscribers’ drops the 
aim was to reset the poles and re-reguiate the wires 
from the outset, temporary work being reduced to a 
minimum. Much work still remained, however, even 
after service had been restored, on routes where wires 
were slack but not damaged enough to put the subscribers 
out of service. In most cases stretched wires were pulled 
up rather than renewed, though renewal was involved 
later in some instances where the fault incidence showed 
this to be necessary 
The effect of this freak fall of snow was greater than 
can be recollected from any previous storms in the 
icular localities, and with 40 per cent. of the sub 
scribers affected in the Guildford Area, and a similar 
proportion in the northern part of the Tunbridge Wells 
Area, it will be appreciated that restoration of even 
temporary service was bound to take a considerable time 
even with a large influx of additional gangs. Fifty-seven 
gangs were loaned to these two Areas, including 31 on 
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SWANSEA EXCHANGE—MAJOR EXTENSION 


The Swansea some centre exchange (Siemens No. 16 
equipment) was installed in 1924, and is believed to be 
oldest of its ¢ in the country. Due to the 
increase in trunk and the subscribers’ waiting list 


available was on the 
Office, which already housed the Swansea repeater 
station, two 60-volt 2,200 ampere-hour batteries, and 
welfare room. It was necessary to 
repeater station, located two miles 
exchange. The question of the long 2-wire 
trunk circuits already been taken into account 
iding 4-wire terminations in the basement of 

ead Post Office. In addition to this, all the M.U. 
cables were intercepted in the cable 
terminated on test tablets, the back ends 
ties for the purpose of the short two- 
to the trunk equipment be interception of 
Carmarthen-Swansea cables, etc., and the provision 
a 494 + 4/40 screened cable between the new repeater 
station (SX/B) and the basement repeater station 
(SX/A), provided for sufficient 4-wire circuits to 
Swansea 

The shift of the main auto battery was carried out 
by the contractor with no interference to the service. 
Each box had to be emptied of acid and lead plates and 
transported separately by using a container 
secured in a suitably designed cr: for ae 
externally by the use of jib and tackle. In the course 
removal, it was found that the lead linings of 10 boxes 
were prone to leaks, The contractor was unable to 
provide new boxes immediately but, as a temporary 
measure, 10 submarine-type cells of equivalent capacity 
were supplied as substitutes 

The removal of 2 motor generators, associated bed- 
plates and filter, weighing approximately 5 tons, from 
the third floor to the basement, was carried out 
contract. Careful organising and manipulative 
ensured the successful operation of the work without 
interference to the service. The space made available 
has been used to accommodate two suites of 60-volt 
sleeve-control switchboards of 21 and 14 positions 
dealing with demand and incoming traffic, vely 
The vacated bridge control trunk suite pon re- 
arranged to provide 13 additional toll positions. 





two separate 1.D.F.s (viz. 
toll) have to be taken into account, make 
of circuits and fault location work a com- 
concerned were, therefore, 

execution of the contract 





To meet the subscribers’ development and, 
same time relieve the load on the main exchange 


switching equipment, an additional satellite exchange, 





Junior Section Notes 
Centre 


The Annual General Meeting was held on 4th April, 


39. An interesting programme formed on the members’ 
desires was carried out, and again visits were very 


o Centre's library has been gradually reformed, after 
total loss enemy action during the war, and it con 
tains a selection of reference papers, correspondence 
courses, Journals, etc, and a healthy circulation of 
technical icals has been set up by the librarian. It 
was dec to strengthen this by purchase of further 
periodicals out of the Centre funds, as well as using those 
passed in to us by the Senior Section 

The Centre is still without a room for use by members 
as a library or reading room, due to accommodation 
difficulties in the Area, but it is hoped that we shall 
eventually secure a suitable room 

It is hoped that a larger number of members will take 
&@ more active part in the Centre's activities in the new 
SeRstOn 

Officers and committee elected for 1950-51 at the 
Annual General Meeting 

Chairman; K.G. 8. Adams; Hon. Secretary: E. H 
Cinderey ; Hon. Assistant Secretary and Librarian: E 
Bird; Tveasurer: J. Cockhill; Commuttce F. Car- 

mter, B. Headley, F. Windsor, H. Harper, R. Morris, 

. Oliver, W. Johnson 4 uditors G. Crockett, A 
Whitlock E. H.C 


Bournemouth Centre 


The 1949-1950 session commenced in October after a 
lull in our activities. Some doubts existed as to whether 
or not our colleagues would support us, but we are pleased 
to say our fears were soon dispelled. The first lecture 
was given by Lt.Col. F. A. Hough, M.BLE., M.Sc 
A.M.1.E.E., on the subject of “Area Power Plant, 
during which the design principles of various types of 
motors were demonstrated by ingenious models of his 
own design. The following month one of our members, 
Mr. R. J. Matterface, gave a lecture entitled: “The 
Introduction of Automatic Telephones in the Bourne- 
mouth Area."’ Considerable interest was shown in this 
subject, because of the recent conversion of manual ex- 
changes in the Bournemouth multi-office area 


using 2,000-type discriminator equipment, is in course 
of installation. The introduction of 2,000-type 
ment necessitated provision of additional 


Siemens 16 and 2,000-type 
Similar provision has been 
other satellites to 2,000- 
equipment, appro: 

ments were recovered and 
transferred to other equipment. 

It was inevitable that the considerable 
and new work, and building alterations, 
some temporary deterioration of 
much extra work on to the 
efforts are being made all 
normal conditions and contractor 
gratulated on the successful organisation 
series of operations which are now 


completion 
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in the new year our Area 
Rusbridge, gave a talk ee 
local engineering developments. 
followed displayed keen interest in 
Bournemouth main automatic 
on the local engineering programme 
Post Office expenditure. We ope ad 
an exhibition of hobbies. The exhi 
steam engines and chiming clocks to 
embroidered table cloths, which shows 
of talent of our colleagues 

In February we had a lecture and demonstra’ 

Television” by a member of the Field Research 
Messrs. Scophony Baird, for which we had a 
attendance. The interesting discussion which 
indicated the deep interest taken in this topic and the 
many problems met by our television experimenters. 
The March meeting took the form of a Technical a 
Quiz with our Bristol colleagues; the 

onducted over land lines, resulting in a win for Samer 
panier by two points. The answers emphasised the high 
technical standard of the teams, both of whom were 
skilfully handled by their respective Quiz Masters. Our 
Telephone Manager, Mr. W. R. Tyson, occupied this 
position at Bournemouth and produced much amusement 
with his witty remarks on how a Post Office cat is 
provided and maintained, a question submitted in lighter 
vem 

The lectures for this session have now been completed, 
and we are commencing a series of visits. The first took 
place on 15th April when we visited the Pirelli General 
cable works. This visit proved most instructive, and 
we were impressed by the complex machinery and 
efficient organisation which exists for providing power 
and telecommunication cables 

Our membership has now risen to 100, and we expect 
to improve on this. The past year has proved very en- 
couraging and we hope has stimulated sufficient interest 
to bring forth more papers and new items for our 1950-51 
FP. T. G. 
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Darlington Centre 
On the 16th February several members journeyed to 
Middiesbrough for the President's meeting, and par- 
ticipated in the discussion which followed Mr. Harbottle’s 
talk. All voted the meeting most enjoyable 
The Centre completed the 1949-50 me on 28th 
March with a talk—-The North-Eastern Electricity 





— forward from 7th March, due to the 
: toattend. The speaker was Mr. T. E 
i .. M.L.E.E., M_I. Mech.E. (Chairman of the 


Regional ’. F. Smith), the Area Engineer 
(Mr. A. C. Pitcairn) and the Head Postmaster (Mr. C. O 
Thomas). Mr. Daniels described, in a most illaminating 
manner, the generation of electricity, the grid system and 
the Board's administration. A most enthusiastic dis 
cussion followed, in which members and visitors took 
part—a salvo of 23 questions was fired at the speaker, who 
answered them in a most able manner The vote of 
thanks by Mr. R. W. Cowen was endorsed by the C.R.I 
and applauded by all present. 

At the General Meeting on 18th April the Secretary 
reported there had been a membership of 70 for the 
session, with an average attendance of 31 at the meetings 
The Committee were pleased that the programme had 
met with general approval. The Centra! Library had not 
been so well patronised, but there had been numerous 
requests for the Courses held by the Centre 

As no members had submitted written papers prior to 
their talks, they could not qualify for the National 
Competition or the C_.R.E.'s prize 

A suggestion received from the Council of the In- 
stitution that a “Forum” should be set up in the Junior 
Section notes of the Journal was commended by the 
Centre Committee as it was likely to lead to an exchange 
of views with other Centres 

The offer of a prize by the Telephone Manager 
(Colonel J. R. Sutcliffe) for the best talk given by a mem- 
ber of the Darlington and Middlesbrough Centres was 
acknowledged as a fine gesture 

The statement of accounts, read by Mr. B. Midcalf 
proved most interesting 

Officers elected for the Session 1950-51 are 

Chairman; E. Pinkney; Vice-Chairman B. Y 
Northall; Secretary: C. N. Hutchinson; Tveasurer 
B. Midcalf; Commitiee: N. V. Allinson, G. C. Begges 
R. W. Cowen, J. Cochrane, P. Dodd, G. A. Garry 
T. L. M. Hebron, H. G. Midcalf, A. F. Millar, A. Snowden 
Auditors ; D. E. Dodds and J. D. Benhamin 

The Membership fee was fixed at Is. 6d. for the 1950-51 
session CNLH 


Dundee Centre 

The 1949-50 session was brought to a close on the 18th 
April, when Mr. Paterson, of the Scottish Information 
Office, presented the following films 

“Electrical Generation,” “ Electro-Magnetic Indu 
tion,” “Precisely Yours,”” “Wonders of the Deep,” and 
‘In all Weathers.” 

The meetings have been well attended, and the final 
membership reached a tota! of 81 

The committee thank all members for their support 


and hope to see them again in the 1950-51 session 
D.M 


London Centre 


This session, 1949-50, can be recorded as the most 
outstanding in the history of the Centre The member 
ship is now 2,500, an increase of 500 over last year's 
figures, and there is no doubt that deductions from pay 
have assisted in this matter, for which thanks must be 
extended to the old members of the London Centre 
Committee who have throughout the years advocated 
this principle. 

The Programme for 1949-50 has been extremely 
interesting. The Lectures given and papers read have 


Members can also 
rates. Praise for 
Mr. L. W. Evans, West ' 


returned to them to 

Owing to 
financial sos Sas . 

Diaries, we have an assurance from the publishers of an 
earlier delivery. 

A Committee, over by the General Secretary, 
Mr. A. W. Lee, a six months been compiling 
an L.P.O.E.E. Junior Handbook containing data 
relative to Telec ications. A novel feature of this 
Handbook will be its simplified index. It is hoped to 
present this book to the Committee during the 1960-51 
session. In this respect, thanks must be extended to 
Mr. A. E. Penney, our Liaison Officer, for his offer to 
submit the material contained in the Handbook, to the 
various experts within the Engineering Department, for 
verification of its accuracy. 

The Centre Committee wishes to record its thanks to 
our Senior Section Liaison Officer, Mr. A. E. Penney, for 
his steadfast help during the Season. The Committee 
also wish to take this opportunity of expressing their high 
appreciation of the energetic assistance given at all times 
by our Secretary, Mr. A.W. Lee. On account of the 
transfer to another position within the Department, of 
Mr. E. L. Tickner, the Centre lost one of its most valued 
members. During his twelve years of service as Member, 
Secretary and Chairman, of the Committee, he always 
set a very high standard of duty, and has left behind 
him a great tradition which it will be hard to maintain. 

Finally, | am pleased to record a sound financial 
position of the London Centre of the Junior Section, and 
this is a very good augury for the future. 

On behalf of the London Centre Committee, may I, as 
Chairman, express our deep appreciation to all the 
lecturers, the Senior Section, and the Department, for 
their valuable assistance, and to all others who have in 
any way helped in the smooth running of the Centre. 


A. GW. 
Middiesbrough Centre 

The Annual General Meeting of the Middlesbrough 
Centre took place on Thursday, 20th April. The 
following officers were elected for the 1950-51 session : 

Chairman D. Paterson; Vice-Chairman 
Allison ; Secretary: J. Brown; Vice-Secretary,: RB 
johnson; Treasurer: K. Lynas; Auditors: N. PF. 
Bennett, A. Bonnier; Commitiee: J. C. Hall; G., 
Buckle, H. D. Sloan, J. Mansfield, E. E. Sparkes, D 
Sawyer, W. Burke. 

The 1949-50 session proved to be a great success 
figures showed a marked increase in attendances, The 

(Continued on page 116) 
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Holden, R. 
Renton, G. ¢ 
Irwin, A. 


Burley, N 
Boxall, T. R 


test. Buer. to Engr 
May, R. H 
Bryant, J]. W 
Waterhouse, L. RK 
Hunter, W. J 
Waterman, L. R. 
Jones, C. W 
Rayna, F. 1 
Dawson, C. F. O 
Richards, P. W 
Cullen, W. E 
Wright, H. « 
Winkley, W. ]. F 
Morgan, L. W 
Dormer, D. J 
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Name 
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JUNIOR SECTION NOTES 

(continued from page 113) 
many suggestions put forward at the Annuai General 
Meeting indicate another successful programme for our 
next seamon. 

On 16th February we were honoured with « visit by the 
President, Mr. H. R. Harbottle, O.B.E., B.Sc, (Eng). 
DFW. MLELE. ty persons attended this meeting, 
and visitors members from the Darlington 
Centre. Mr. Harbottle’s paper entitled, “The Main 
Phenomena of Hearing and their Bearing on the Design 

Communication Systems’ was illustrated 
and was received with great enthusiasm by all 


oe ae eee oe eeting visit was made to Smith's 
be iding Yard, South Bank. Met by an 
we wee shown an aay of models of ships con- 
ao and had the details of cach fully 
. This proved to be of great assistance when 
over an actual ship. The Kadar equipment had 

and was actually seen in operation. 
A talk on “ Radio Interference Suppression,” given by 
of our members, Mr. P. L. Hall, on the 16th March, 
was greatly ted-—a lively discussion took place. 


It is hoped this support will be maintained 
}.B. 


Scarborough Centre 
On Thursday evening, 30th March, the fina! paper for 
our 1949-50 session was duly presented. It took the 
form of a Five-Minute Essay Competition, and seven 
—_ were read. The papers ranged from “The 
troduction of Auto Switching on the Internal Tele- 
graph Network” to “Basic Principles of Rocket Pro- 
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Ay ame Editor 


to make the joint dance an 
The result of a general invitation to the Staff gave us a 


The company of over 100 included members 
of the Shetheld Students’ Section of the I.E.E. and mem- 


difficulty was in deciding 
However, a fortunate interval in 
play just gave time to swi 

all for to-night.” We 

the meeting there w 
membership. 
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Westinghouse Brake & Signal Co., Ltd. 
Winn & Coales, Ltd. 








MAGSLIPS 
SIZES; 1)", 2° and F 


VOLTAGES: 
SOV to 150V 
according to type 


FREQUENCIES: 


SWecj/s to 1100cis 
according to type 


(IPOT) 
DIMENSIONS: 6)" x6)" x34" 
SUPPLY: SOV S0cis 


PRECISION ELECTRICAL 


Telegrams & Cables 


Phone : BECkenham oo4: 





INDUCTIVE POTENTIOMETER 


MUIRHEAD & Co., LTD. 


INSTRUMENT MAKERS 


BECKENHAM:KENT-*ENGLAND : 


MUIRHEADS El MERS-END 


REMOTE POSITION INDICATION 
SERVO CONTROL 


COMPUTATION 


POST THIS COUPON 
FOR DESCRIPTIVE LITERATURE 


poco oo --------- 


MUIRHEAD & CO., LTD. 
BECKENHAM - KENT - ENGLAND 
Please send me Bulletins B-5S80 and B6O4 fully 
deser the Magslips and Ipots advertised in the 

“ Post Electrical Engineers’ Journal ** 
NAME 


ADDRESS 
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TUNGSTONE PLANTE CELLS are being supplied to the British Post Office 


and Post and Telegraph Departments in many countries overseas. They 


conform fully to G.P.O. and British Standard specifications. 


OPEN TYPE CELLS 

Similar to the illustration above, these are 
available in glass and or lead lined wooden 
boxes in capacities from 100 a.h. to 500 ah 


REPLATALS 

We are in a position to supply plates 
fer the replating of any existing Planté 
Battery. 


ENCLOSED TYPE CELLS 


As illustrated on the right, these are in 
moulded glass boxes with sealed-in lids 
Capacity range from 10 ah. to 200 ah 


HIGH VOLTAGE TELEPHONE BATTERIES 


Portable Type. Standard layout for 50 volts, 
in waxed hard wood crates, exactly to the 
requirements of the G.P.O. 


Overseas customers are invited to cable or write their enquiries 
for batteries or parts. Visitors to London are welcome at 


our offices. 








TUNGSTONE Batteries 


For further porticulars write: TUNGSTONE PRODUCTS LIMITED 


10 SALGBURY SQUARE LONDON tc ENGLAND, Cables Otjutum 


London 
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SPECIAL DUTY | iiscraomic conrnot 
F.H.P. MOTORS 
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PELOS 40-00-40 ma 
INSULATED FOR uP TO 
400 VV WORKING 


EACITATION 





TEMPERATURE| 
eee 65% | 





Motors may be supplied 
with a limited range of 
alternative Armature and 
Field Windings. 
F.B.3 and F.B.4 Motors, 
fitted with Integral Field 
Surge Suppressors. 
BRUSH & Shafts Plain or D.P. Spline. 
BEARING 
All Motors rated for a 
RICTION 
‘OZ INS stalled temperature rise 
of 55°C. 

















Motors’ Data Book, 4X 22. 
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, 








EVERSHED AND VIGNOLES LIMITED 
ACTON LANE WORKS - CHISWICK * LONDON * W4 

Telegrams: Megger, Chisk, London Cables: Megger, London 

Sites 


Telephone: Chiswich 3670 
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Alton has been exporting batteries for thirty years. In installations in 
sixty-five countries Alton Batteries, in capacities from 10 to 15,000 ampere- 
hours, are giving the service only good batteries can give. Alton, in any 





language, means good batteries and firm delivery dates. 


BATTERIES OF 
MERIT 


THE ALTON BATTERY COMPANY LIMITED 
Alton Mantes Telephome Alton 1267 end 1268 
Telegrams: Gactery. Ahoe 


Alton can also supply renewal plates for all makes of battery, British & Continental 











VALUABLE FREE BOOK 


Tells You How to Pass Your C. 46. or 














definitely guarantee 
“NO PASS—NO FEE” 


if you intend w make the most of t-day'’s 
tunities, you canpot affurl to mise reetlic =“ 
" Tt tele you every 
to know to secure advancement, and et ve mm 
tunities you may aow be moss through tack of i 
Send fer your copy today ami wi eons aaeuien 


— BIET 
The "“WESTAT” 


system of 


constant potential 
rectification 


is extensively used for battery charging, 
and can be designed as a charger with a 
high degree of taper, or as a cyclic 
charger, with the great advantage that it is 
practically independent of mains fluctuations. 


Westatire 


RECTIFIERS 


Write for Dota Sheet No. 62 t Dept. POLE Jj. 3 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82 York Way, King’s Cross, London, N.! 




















EMENS 


MOTOR UNISELECTOR 





For their Trunk Mechanization Scheme the British Post 
Office has adopted the High-Speed Motor Uniselector 
illustrated above. 

This Automatic switch has a searching speed of 200 out- 
lets per second. This high speed together with its 
reliability in operation render it the ideal switch for 
automatic trunk working. 
The original type of Motor Uniselector has been in use for 
Line Finders at North Exchange, London, since June 1935 


SIEMENS BROTHERS & CO..LIMITED 


WOOLWICH - LONDON = S.E.18 








MICRO-HARDNESS TESTER 


DEVELOPED SY THE GUEST, KEEN, NETTLEPOLD LABSORATORICS 





This new instrument is suitable for use with a standard 
metallurgical bench type microscope 
it is designed to give « range of loads from | to 100 


for some Micro-hardness investigations 
— applications of this instrument are the measurements 
Hardness of phases of & micro structure 
Hardness of plated surfaces 
Case hardening and nitriding 
bHardoess of thin wires, foils and soft metals 
Hardness variation in cold worked specimens 


++ 44% 








Sad instiurnent Makers 
78 OUDOEN HILL LANE, LONDON, N.W.16 
Tel.: Wittesden 5/4) (@ tines) Grems *>talltetace Maries Londen 


HALL TELEPHONE ACCESSORIES LTD. 
Precissen Lagimeers 








A NEW SULLIVAN SUSPENDED COIL 
PORTABLE GALVANOMETER UNIT 


... which may be supplied alone or boxed complete 
with scale, iMurnination (with mains transformer) and 
novel scale magnification. 

The unit is exceptionally well constructed and reliable in 
performance and is completely enclosed within « 
draught and dust-tight bakelite case measuring only 
6 cm. by 4 cm. by 12 cm. high. When boxed as a complete 
measuring system it measures only 26cm, by 17 cm. by 
1S cm. 

A complete series of these portable galvanometer units is 
available, mounted or unmounted, with many scale arrange- 
ments and for any Sensitivity, time period or 
resistance. 


H. W. SULLIVAN 


We shall be plecsed tw select for any LIMITED 
(oa ¢ Ce LONDON, S.E.1I5 


sulted ony poerticuler§ industria! 
Telephone: New Cross 3225 (P.8.X.) 


application of measurement problem 




















PRODUCTS OF THE COMPANY INCLUDE: DIRECTOR AND NON-DIRECTOR AUTOMATIC TELEPHONE 


EXCHANGE EQUIPMENT, AUTOMATIC TRUNK EXCHANGES, RURAL AUTOMATIC EXCHANGES, PRIVATE AUTOMATIC 


EXCHANGES, PRIVATE AUTOMATIC BRANCH EXCHANGES, SINGLE AND MULTI-CHANNEL (CARRIER) TRANSMISSION 


EQUIPMENT; INTERCOM KEY-CONTROLLED TELEPHONE EQUIPMENT, CENTRALISED 
SUPERVISORY REMOTE INDICATION AND CONTROL EQUIPMENT; “RYTHMATIC” RIPPLE CONTROL EQUIPMENT; 


“ELECTRO-MATIC™ VEHICLE-ACTUATED TRAFFIC SIGNALS: MINE TELEPHONES AND COLLIERY SIGNALLING EQUIPMENT. 





fm the production of crystals used to 

-y stabilisation m carner oscilla- 
crystal, held in a jig, is being fitted 
phosphor-bronze wires .0O8 in. dhameter 

ch are soldered to both sides of the prepared 
ssmultancously by means of two hot aw 


From First Principles to Finished Product 


The behaviour of quartz crystal under physical and electrical stress—piezo 
electricity—was discovered by Pierre and Jacques Curie as long ago as 1881. 
Since then this phenomenon has been the subject of intensive research. 
Engineers of A.T.M. organisation have applied it frequently in the solution 
of problems in the field of telecommunications. One application which 
involves the production of the quartz plates to exceptionally fine limits is the 


stabilisation of carrier frequencies in A.T.M. multi-channel carrier systems. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
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TELEPRINTERS 
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Creed & Company Limited 





























CARPENTER Polarized RELAY 


Dirmensions of the Type 4 Carpenter Relay are :—{ With cover. Excluding wiring togs) 
3% ins. high « 24 ins. wide = | in. deep. Weight: 13 ozs. 
Complete details avatlable on request, Manufactured by the Sote Licensees — 


TELEPHONE MANUFACTURING CO. LTD. 


( ontrecters te the Brtish Commenweatth and foreign Governmens 
HOLLINGSWORTH WORKS LONDON, 56.6.2! 
Telephone GiPey b4ii 221! (10 tines) 








One 
Te] wT 
The AvoMeter is one of a useful aus 
pm meswre — 

range of “ Avo” electrical testing Gan Be ont 
instruments which are maintain- C. © co 10 emps.) 
ing the “Avo” reputation for 
an unexcelled standard of accuracy 
and dependability—in fact, «a 
standard by which other instru. “SST. 

(© co 2 warts) 


ments are judged Decibels ( ~ 25 Dd 
te + 1408) 





Write for fully descriptive pamphlet 





THs catalogue, No. B/TC 1, contains the latest information on 
a wide range of telecommunication cables manufactured by 
“ STANDARD.” 


Standard Telephones and Cables Limited 


(Regitered Offce | Connought Meuse, Aldwych, Leadon, WC 2 


TELEPHONE LINE DIVISION. NORTH WOOLWICH, LONDON, E.16 
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ALNICO GENERATOR 


ERICSSON TELEPHONES LTD. - Heod Office: 22 UINCOLN’S INN FIELDS, LONDON, W.C2 - 


Tel: HOL. 9% 
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THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 


RA & TELEVISION WORKS, COVENTRY ENGLAND ’ 


sta ’ ' MAGNET HOUSE KINGSWAY. LONDON. WC? ° 











UNIVERSALLY ADOPTED 


G.N.T.Co. TRANSMITTER 
MODEL 112 


\ 
13-250 words per minute without gear changes 
or readjustments. 


Absolutely constant speed at all settings not- 
withstanding large voltage variations. 


Noted for its easy maintenance. vs 
Supplied with A.C. or D.C. motors as required. 
THE GREAT NORTHERN TELEGRAPH CO. LTD. 
OF DENMARK 


KONGENS NYTORV 28 AND 5, ST. HELEN’S PLACE, 
COPENHAGEN K. - DENMARK LONDON, €E.C.3 











The Mark II series of 
SAVAGE AMPLIFIERS 


interpane! wiring. Even when the rack is sandwiched between others 
side covers can be removed just as casily 


All valves are accessible from the front of the rack, and are 
les. The rack is completely flat fronted. 
her enhanced by the absence of s projecting front 


installation is uniform in appearance 





Complete speaftcanoms 


available om request W. - RYA N ey Weve E 


WESTMORELAND ROAD 
9 
TELEPHONE. COUNDALE 713 LIMITED 
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THE THEORY AND DESIGN 
OF 
INDUCTANCE COILS 





By V. G. Waser D.. AMABS 
Post Office Resear! 


This book is intended to » 
designer in selecting the coi! de 
able for a given purpose, anc 
to predict the changes whic! 
in a given design in orde: 
desired performance cl the 
will also appeal to student: «hb 
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RATING 3 watts for 250°C 
RESISTANCE RANGE .'-47: 


Full raved watts over the whole resistance 


DIMENSIONS - 15/22" > 


KINGSTHORPE, NORTH: 
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The following answers generally give more detail than would be expected im (he time available 
under examination conditions but, to conserve paper, arithmetical working has been abbreviated. 
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are tranamitted to be slowed down, as, for correct signalling,  & 
desired that the current of a signal shall have decayed substantially 
code to zero before a subsequent signal is transmitted. Double current 
. working tends to overcome this difficulty 
urrent working, ©} Double Current Working In this method, the intervals 
between signals consist of a period of reverse current instead of 
(d} Morse sounder no-current as in the single current method Thus, signals consist 
, ; of current in one direction followed by current in the reverse 


direction as shown in sketch (¢ Double current working makes 


What 4 used im 


practice 


Qg. 1 you understand by the following terms 
telegraph 
a) signaling 
+) single 


dowble curvent working, 


‘1 1 a) Signalling Code In telegraph practice the letters 
which make wp words, the numerals and the various chatacters to 
be transmitted are first converted, or coded, into electrical signals of 
im accordance with a pre-arranged code, called a signalling code 
These electrical signals are transmitted, received and then 
re-converted, or de-coded, back into the original message 

The Morse and five-unit signalling codes are perhaps the best 
known The Morse code consists of two elementary electrical 
signals which are distinguished by their duration. The shorter 
signal is called a “ dot " and the longer one a “ dash The letters 
of the alphabet, numerals and signs are each represented in the 
code by a particular combination of dots and dashes. The five-unit 





























code is based on having two line conditions, known as “ marking ‘ 
and “spacing,” such as positive battery and negative battery 
Each character is represented by a combination of five elements of 
these two conditions. This code is particularly suitable for printing 
telegraph systems (teleprinter working). 

b) Single Current Working. Telegraph signalling codes consist 
of electrical signals. In single current systems the signals consist 
of — of current in one direction only, the intervals between 
each pulse being no-carrent as shown in sketch (4). Only one battery 
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HM Jor cme 
: 























is used at the transmitting end and the transmit key makes and 
breaks the battery circuit. The receiving relay operates to the 
current signals and releases during the no-current intervals between 
the signals. This relay may be of the single current t (Le. one 
which operates in one direction only, regardless of the tion of 
the current and releases by tension during the no-current 
intervals), or a ttased polarised y. the bias returning the relay 
to normal during the no-current intervals. 

Lanes act as capacitors and become charged when signal currents 
are transmitted. On cessation of the current the energy stored in 
the line discharges into the system and this has the effect of making 
the current-decay gradual. On a long line having appreciable 
capacitance, the gradual current decay may result in excessive 
signal distortion and may also require the rate at which the signals 


é 


use of two hatteries having equal voltages and presenting opposite 
poles to line; the transmit key applies one battery to lime for 
signal and then reversal of the key presents the other battery (of 
opposite polarity) to line to terminate the signal. The line 
currents are known as “ marking “ and “ spacing “ currents, these 
having equal magnitudes but opposite directions. The same effect 
can be obtained if a single battery be commutated (or reversed in 
polarity) by a transmit key, the current from the one battery 
flowing in opposite directions depending on the position of the key 

Double current working requires a receiving relay capable of 
detecting the direction of the current flow and, for this reason, a 
polarised relay is used. This relay operates in one direction for 
marking, and in the opposite direction for spacing currents 

The received signal build-up and decay waveforms are symmetrical 
and are equally disposed about the zero current value regardless of 
the signal amplitude. This contributes to low signal distortion on 
the polarised receiving relay 

Morse Sownder. This is an electromagnetic receiving device 

which gives audible indication of received Morse mgnais. The signal 
currents flow through the coil of the electromagnet of the sounder 
The attraction of the armature at the beginning of the signal gives 
an audible click, and the release of the armature at the end of the 
signal gives a second click. The dots and dashes of the Morse code 
are of different current durations, the dash being longer than the 
dot, and the signals are interpreted by the receiving telegraphist 
by noting the duration of the silence between the two clicks, « 
short interval denoting a dot and a longer interval a dash. The 
sounder may be of direct (or non-polarised) type. or of polarised type 
The direct sounder is used on relatively short lines. The polarised 
sounder, polarised by a permanent magnet, is more sensitive than 
the direct sounder, and can be used on longer, higher resistance lines 


33 


two 





ELEMENTARY ee ee PRACTICE, 1950 (continued) 


shetch, describe the operation of @ 
the materials used for the maim 
State the purpose of 


g@. 2 4 ethane pace. fe 
permancn! magnel recover 
sompousnt parts and give reasons for the chose 
the formancnt magnet 


oo permanent magnet. iron diaphragm 
The sketch shows the principle of 








field is indicated by the 
_ the magnetic circuit bet 1g completed via the diaphragm and 
air gaps. This field exerts a pull on the diaphragm which 
ywe slightly inwards to position The two coils on the soft 
on pole are connected in series aiding 0 that their 
ects . The h currents flow through thes ils, and 
the direction of current indicated, these two coils will produce 
netic fields as indicated by the poles N and 5 (by the night hand 
je). This Held, indicated by the line ®, will, in the direction 
yon, add to the permanent magnet field, the flux 
yvagh the diaphragm will be increased and the diaphragm 
bowed still farther inwards towards the pole pieces, t 
Speech currents are alternating in character and when the current 
erses in direction, the magnetic effects N and 5, produced by 
speech coils, will be reversed. The flux ©, now reversed 
the permanent magnet flux %, the pull on the diaphragm 
be weakened and the diaphragm will bow in less than with the 
manent magnet alone, to position ( The diaphrag: ctions 
an acoustic radiator and its movements set up 
he air corresponding to the received speech currents 
The magnetic circuit is made of high permeatility material and 
as short as possible to obtain minimum reluctance and thus high 
ux density. The air gaps, which contribute the major part of the 
wluctance, are very small These factors also minimise flux 
akage 
Typical materials for the component parts are as follows 
(a) Permanent Magnet Tungsten steel and Alnico 
materials have high permeability and high 
These properties are essential as the magnet must give a 
strong, constant fieki for the life of the receiver 
L . Stalley (iron, silicon, mangancee 
and cobalt-iron alloy. E.M.P.s are induced in the moving 
diaphragm as it links the strong field of the permanent 
magnet. These E.M.F.s in turn produce currents in the 
diaphragm, the magnetic ficids of which tend to oppose the 
initial movement of the diaphragm (Lens’s law To 
minimise this damping effect the diaphragm is made of high 
romtativity mat such as the alloys stated, to redwoe the 
magni , and thus the effects, of the induced currents 
The material must be of good magnet quality for temporary 
magneta, high permeability and low retentivity, as the 
diaphragm forme part of the changing magnetic flux circuit 
Pole Pieces, Soft iron and nicke!-iron alloy The materials 
must be of good magneti: quality for temporary magnets, 
h permeability and low retentivity, as, bere again, the 
form part of the changing magnetic fux circuit 
and must give a high temporary speech-current flux density 
to obtain Maximum receiver sensitivity Nickel irom has a 
higher resistivity than soft iron and this reduces losses due 
to induced currents which are generated by the changing 
flux, 
(4) Speeeh Cots, Copper, as this is a good electrical 
The inclusion of the permanent magnet is sid to polarwe the 
receiver. The tractive force, or pull, of any magnet & proportional 
to the square of the @ux density. Let 4 be the flax density due to 


‘4 


nag net 


magnet 


magnet 
will 
position B 


; 


sounG waves in 


~, ’ 
ach 


retentivity 


arbon 


conductor 


permanent magnet and } the maximum flux density 4 
cycle of spe card agp current. J is alternately 
variation of pall s from a maximum of (8 + 

ciielanem ef | (B —6)* giving a maximum difference of pull 
tional to 485. All these expressions contain the 
Now 6 is small, being considerably less than B, and }* ts 
— variation in flux density without the permanent magnet would 

be only from +5 to 6 and the pull would be to # in 
each case. It is clear therefore, that, for a speech current, 
the movement of the diaphragm, and thus the sound intensity, & 
increased by the inclusion of the permanent magnet giving a large 
value of B 

Without the permanent magnet the diaphragm would be equally 
attracted during each half cycle of the speech current as as + ~~ and 
(—#)* are both equal to #*. Hence the reproduced speech 
have twice the frequency of the speech current as the ahene 
would be attracted twice for cach cycle. With the permanent 
magnet there is a difference in pull between a maximum proportional 
to (8 + 6)* for the positive half cycle and a minimum proportional to 
(B —6)* for the negative half cycle and the reproduced speech is at 
the same frequency as the speech current, as there is a variation in 
pull between the half cycles 


) 3. Desoribe, im general terms, the construction of a secondary call, 
} splain briefly how you would charge a battery of secondary ceils from 
an alternating current supply 


A. 3. The lead-acid secondary cell is the most common type. 
The cell is made up of positive and negative plates with an electrolyte 
of dilute sulphuric acid. The plates are constructed of pure lead 
and in some cases a little antimony is added to increase the 
mechanical strength The plates carry active material which may 
be supplied either by forming it out of, and on, the plates themselves, 
or by applying it in the form of paste. Modern cells have Planté, or 
formed, positive plates and Fauré, or pasted, negative oT The 
Planté positive plate consists of a pure lead casting with deep 
vertical grooves to increase the effective area. The forming 

in which the active material is produced, varies with ferent 
manufacturers, but the result of the process is that the surface 
of the plate is formed into a film of lead peroxide. It is this film 
which enters into the chemical action of the cell. The main body of 
the plate is a reserve mass of lead which is drawn upon during the 
working life of the cell The rosette plate is an alternative type of 
construction. Here the plate is perforated with a large number of 
round holes into which are pressed rolls (or rosettes) of corrugated 
lead strip. The active material is formed on the surface of this 
lead strip 

The Fauré negative plate consists of a grid or box of lead-antimony 
alloy. The active material is in the form of a paste which can either 
be pressed into cavities in the surface of the plate, or alternatively, 
enclosed in a box of perforated lead sheet. The paste for Fauré 
plates is made from lead oxide to which is added small quantities 
of other substances known as “ reducing,” ” porosity,” “cementing,” 

hardening and expanding agents The forming process 
consists of converting the lead oxide to spongy lead. 

The plates of the cell are arranged in two groups, a group of 
negative and a group of positive plates, The groups are inter- 
leaved, the positive and negative plates alternating. There is one 
more negative plate than positive since it is arranged so that a 
positive plate shall be between two tives to prevent buckhng 
ot the positive plate The tops of the tes have projections which 
act as supports. There is a space between the bottom of the plates 
and the bottom of the cell to allow for accumulation of sediment. 
Glass rod separators are fitted between the plates to prevent 
adjacent plates touching each other. The diameter of the separators 
is equal to the space between the plates and they are held in position 
by guides on the negative plates; they rest on the bottom of the 
cell and project above the tops of the tes to support sheets of 
glass which cover the cell. These glass minimise the spraying 
effects of the acid. which takes place during charging. Alternatively 
the separators may be prepared wood strip or hard rubber. In large 
cells the container may be a glass box and the plates are sa 
from the to; P ; of the box by the plate projections. Springy ae 
are inserted between the end plates and the glass box to hold t 
assembly of plates and separators together. Alternatively the con- 
tainer may be « lead-lined wood box, the plates being supported 
from glass slabs positioned by lead lugs on the lead lining 

Secondary cells must be charged by direct current. As the supply 
is alternating current, direct current may be made available by such 
equipment as [1).C. generators driven by A.C. motors, or rectifer 
equipment of the copper oxide, selenium, thermionic valve or mer- 
cury arc type, depending on the size of the battery. The D.C. 
charging current is passed from the positive plate to the negative 
plate via the electrolyte, and thus the positive and negative 
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of the battery must be connected to the positive and negative ter 

minals wely, of the D.C. supply. The equipment in the 

charging varies but will include soch items as switches, fuses, 
itm , Ciroult breaker, etc 

For large batteries the initial charging current ss usually adjusted 

to the rate which gives the maximum efficiency of the charging plant 

voltage of the cells reaches 2-35, the charging 

which reduces gassing. The charge is terminated 

gravity of the electrolyte is at the required value 


usually 1-2115 


Q. 4 Describe, with the aid of simple diagrams, (a) 4 series and (6 
4 pavalial ay" branching type multiple as used om manual telephone 
the merits of the two type Feplawn how the 


oneal conan may be applied im each Case 








A multiple is an arrangement whereby access to each of a 
number of lines is made available to a number of operating tons 
by repeating the line jacks (appearances) at intervals g the 
switchboard. In the subscribers multiple the operator answers a 
calling subscriber by means of the answering jack and the multiple 
jacks are used only for calls to subscribers. Each line has an 
associated calling equipment and, for transmission and switching 
reasons, this is required to be disconnected from the line whenever 
a plug is inserted into cither the answering or one of the multiple 
jacks. 

Sketch (se) shows the principle of the series multiple 
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multiple jacks, the answering jack and the calling equipment are 
wired in series. In its simplest form the multiple requires two 
wires and permits the use of two-way plugs and cords. The jacks 
are designed so that insertion of a plu sconnects the inner springs 
from the line and in so doing cuts out the calling equipment from the 
circuit. The principle is simple but is subject to high resistance 
faults at the contacts of the jacks. The jack has more springs than 
the parallel multiple jacks, requires more switchboard space and 
increases the cost The arrangement facilitates fault location in 
the multiple wiring as appropriate plug insertion isolates sections of 
the multiple wiring he high fault liability coupled with the 
space factor has made the series multiple obsolescent for normal 
exchange work 

Sketch (6) shows the principle of the 


parallel multiple which is 
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The springs of each jack on 


invariably used on modern systems 
Compared with 


each line are paralleled throughout the exchange 
the senes multiple, the absence of mechanical means to cut out the 
calling equipment necesstates the introduction of a relay per line to 

m the cut-off function and a third wire (sleeve) connected to 
the bushes of all the jacks to control the operation of the relay 
Three-way plugs and three-conductor cords are employed, and a 
battery is connected to the sleeve wire to operate the cut-off relay 
when a plug is inserted in a jack The arrangement is free from high 
resistance jack contact faults, the jack has fewer springs than the 
series multiple jacks and requires less space. Sections of the 
multiple wiring cannot be isolated at the jacks to facilitate fault 
location. 

In any system involving more than one jack per line, it is essential 
to provide means whereby the operators can ascertain if a wanted 
line is engaged at any other position on the switchboard. In the 
parallel multiple the circuit arrangement is such that the insertion 
of a plug into any jack applies a battery potentia! to the bush of the 


jack via the sleeve conductor of the 
via the sheeve conductor m 

jacks of that line 

by tapping the tip of a 

circuit of the operator's 


if the baw not engaged, there is a0 
jacks and there is no click when the 
bush of the jack. 


of the plug is tapped on the 


I c with a series multiple and two-way plugs and cords, 
poy > = mo aie eggmention of engnent 
engaged 


sings which are ranged 


the absence of a third conductor 
test potential. In multiple ex 
click test feature is given by ausihary 
to apply a battery potential to ee beck 











(e) 


a plug is inserted into any jack as shown in sketch (c). The eng 

test potential is not ied to the jack into which the eng 

plug is inserted since the two-way plag connects the bush of this 
jack to one of the speech conductors, The engaged click test 
feature increases the number of multiple wires from two to four. 


Q. 6. State the Purpose of (a) the main, and (b) the intermediate 
distributiom frames used in manual exchanges Describe, in general 
terms and with the aid of a simple shetch, a typical arrangement for 
leading im the street cables at an exchange 


A. 5. (a) The primary function of the main distribution frame is to 
facilitate the conversion from the geographical order of the external 
pairs and cables entering the exchange to the numerical order within 
the exchange. The subscribers’ lines enter an exchange in cables, 
each of which serves a different part of the exchange area. The 
exchange numbers included in any one cable are haphazard while 
all lines within the exchange are in strict numerical order. The 
jumper field on the frame provides the conversion feature. Also, 
the exchange numbering of the external cable pairs is constantly 
changing due to new subscribers and cessations and it is necessary 
to connect, as desired, any cable r with any sumber in the 
exchange numbering scheme This Lcitiey is given by the frame. 
The M.D.F. also provides 
1) . suitable location for the mounting of the fuses, heat coils 
tors 
(2) ry point for the termination of the external and internal 
cables 
(3) A convenient place to break into any circuit to test the 
condition both inside and outside the exchange. 
+) The traffic originated by different subscribers on the same 
exchange varies considerably and it is necessary to Foe pr a means 
to distribute the subscribers’ lines over the t in 
such a manner that the total traffic offered to each operator is 
approximately yy This is achieved on the intermediate distri 
bution frame 1.D.F. is so arranged that any subscriber's line 
can be temporarily connected by means of jumper wires to a calling 
equipment on any desired operator's position. The circuits on one 
side (multiple) of the frame are arranged in numerical order and the 
connections to the other side (local) are in switchboard order. The 
jum held connects the two sides. 
The L.D.F also provides a convenient nt for the termination 
of the cables from the switchboard multiple jacks, and for the 
termination of the line circuits so that the line circuit equipment 
may be associated with the line. It is also used for connecting 
junction lines with any incoming or outgoing jack on the switch- 
board and for introducing into the circuit the required signalling 
equipment 
The sketch shows a t al arrang t for lead in the street 
cables at an exchange. he cables enter at one end of the building 
basement and, supported by cable racks, run directly beneath the 
M.D.P. The paper insulated underground cables are jointed to 
enamelled, silk and wool covered cables which pass through 
of iron pipe, passing through the basement ceiling, to the foot of each 
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Mis? vertiesl. The @tk and wool cables are laced cut on the (2) Not suitable for high speed comtact hammering under 
frame and are terminated on the fuse mountings The won pipes heavy pressure 
‘ 3) Tends to weld with heavy current 
tncnanee #00 1” come e008 4) Not bighly resastive to the destructive effects of arcing. 
(5) High cost 
~~ VERTICALS OF Ff Rane } Tengsten 
1) Readily cowtse with oxide film 
. i, 2) Dee te (1) the contact resistance is high. 
pede 9 * , 3) Requires high contact pressure 
ae ts Unreliable for low voltage, low current, low contact 
pressure apphcations 
5) Extremely difheult to work due to extreme hardness. 
6) Relatively low conductivity 
Electrical and mechanical conditions which influence contact 
performance are 


aPPee@atus FLOOR 











Electrical Condition 

4) Voltage at make and break With imcreasing voltage at 2 
given current the contact wear will increase owing to the 
greater quantity of arc energy released 

6) Current to be carried and interrupted. At a given voltage, 
iecreasing ceurrent will increase comtact wear and, in D.C 
ireuits, will increase the amount of material transferred 
from one contact to another 
Contact carrying D.C. or Ad At a given voltage the con 
tact wear will be more severe with D.C. than with A.C. 
sinee with A.C., the voltage passes through zero every half 








UVM MM iis, VLA LAL sss f /) Inductance of the circust The high voltages produced on 
; vd Oe 4 / interrupting an inductive circuit increase contact wear 
Arc suppression The contact wear is reduced by the use 
woject a little above the apparatus room floor to prevent dan f spark quench devices designed to reduce the magnitude 
ho the catdes, The cable jotnt ds supported on the wal and duration of the ar 
brackets of bearers 














Mechanical Condition 
#) Size of contact The physical size of the contact, and the 
thermal! conductivity, must be such that the heat generated 
at the point of contact will be rapidly dissipated 
6) Contact pressure Increased contact essure will, in 
general, reduce the contact resistance and thus increase the 
maximum cerrent which can be carried without over 
heating 
Frequency of operation. Increased frequency of operation 
will increase the contact wear owing to the higher rate at 
which are energy is released This effect is more severe 
the lower the thermal conductivity of the contact material. 
4) Speed of make and break. The greater the speed of separa- 
tion of a pair of contacts the shorter will be the duration of 
arc thus reducing the contact wear 
actior Wiping and rolling action of the contacts 
break through surface films and reduce contact 
resistance, and, also, introduces the possibility of the current 
being carried by an unaffected area when erosion exists, 
Contact bownce increases the contact wear 
The retiahility of contacts may be maintained in service by 
a) Maintaining adequate contact pressure 
ntarnin the required co 
high temperatures or awry ontact one pip 
%) Due to (1) the contact resistance is | A — om hight /) Preventing appreciable material transfer, particularly 


t feasure (ox * when sulphide 
3 ies A aterm Aas pain ‘ ad : vs it men the Geatets = oma and Ge onqneney 
’ mh © ‘ “ vs yperation high 


4) Reasonable resistance to wear if alver +, toe maple pp SRE 
iy tae Arranging the contacts im a vertical plane to prevent dust 
1} Ilmmene from tarnishing a one 
comditions f 
(2) Dwe to (1) the comtact resistance 
ensures 
pI sceptionalty resistive to « 
(4) High electrical and thermal 
Tungsten 
1} Withetands heavy contact han ru f es ar arm why the losses 1m am wmductor imcvease with frequency 
2) High resistance to erosion tate an nstructional features which may be adopted to minimise 
3) Migh degree of freedom from mtac 
4) Migh resistance to deformation an . 
5) Highly resistive to the destructive effe ; When an alternating current flows through the coil of an 
6) Leas lable to material transfer than mo et és or losses occur due to the following 
Skin effect u ' winding 
Drirad:amiages Eddy currents in the winding and core. 
a) Silver Magnetic hysteresis loss in the core 
1) le attacked by most sulph ru chs . d) Dielectric loss due to capacitance 
coats with a sulphide fim which incr st The losses arise due to the changing current end result in an increase 
ressstance in the effective resistance of the coil 
(2) Tends to weld with heavy current (a) Shin effect. When a wire carries @ carrent the magnetic lines 
(3) Not highly resistive to the destructive effects of arcing of force encircling the wire originate at the centre of the wire and 
Platinum fall back to the centre when the current ceases. If the current and 
(1) Does not stand heavy wear as it is relatively » the field are alternating, the rising and falling magnetic fields cut 


mw 668 Stale the advantages and disadvantage 

sontast materials and give a typical application of 
wiectrical and mechanical conditions whtch influence of 
forformance and plain how the veliabilily of comtacts ma 
fatned im serwted 


‘ “ Three typical contact materials are 
tungeten, Typical applications are 
a) Mivertelephone type relays wit! 
medium wear 
Miatinum sensitive relays and inet 
contact pressures 
Tungsten heavy duty relays 
uoder conditions of severe wear, high contact pressures and 
contacts carrying relatively heavy rrents 
Kach material has merit depending on the al { application 
The main advantages and disadvantages a > 


anlages, 
Salver 
1} Dees not develop oxide surtace films at up t easonabl 





a 


losing the otacts in a dust cover 

ontact pressure is light, keeping the contact surface 
ghly polished to reduce dust faults 

pting a suitable spark quench 
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the wire and induce back voltages i 


portion than the outer layers, and a greater back voltage ts indoced 
near the centre of the wire thar sce 
increases the impedance at the centr: 


is crowded to the outer layers, thes 
and increasing the effective resista 
the more raped the current and fe 
skin effect 

Skin effect loss may be rece 
face area of the conductor b 
strip 

(b) Eddy curvent i 
object that is affected by ar 
voltages cause eddy currents 
These eddy currents produce /*# 
the effective inductance I he 
induced voltages and eddy 
the square of the frequency 

Eddy current losses im the 
insulated), which in effect bk 
the core may be reduced by 
tions of high permeatulity 
form of dust contained 
principle increases the oh 
reduces the eddy currents 

Magnetic hysteresis | 

is taken from the electri 
When the field is allowed t 
returned This will resol 
from the electric circuit and 
expended during magnetisatior 
hysteresis loss. Since a certaim ar 
complete change is made in the 
directly proportional! to frequer 

This loss may be reduced by sek 
such as Permalloy) which shows 
and by working at low flux densities 

d) Dielectric loss Dnelectric loss 
being subject to alternating electri 
In simple terms it represents the 
electric field and is a heat loss px 
loss occurs in the former on whi 
insulating material of the wire 
between the turns of the coil wi 
dielectric loss The lous 
lost each cycle 

Dielectric loss may be 
m the wire, by using 
adopting a type of ww 
small as posmble, es 
turns, ete 


» +) 


QO s Describe om & 
the nitruction of 


\ . Sketch (a) a 


insulated twpe able f 


rwe avers 
* PAPER 


K or B represents a qua 
annealed copper, is lappe 
is a helical lapping of in 
that the paper forms a 
between the paper ar 


mes cut the centre 


‘ 
In effect this 
rent 

<ting area 
frequency 


the 


rextace 


eater the 


stranding 
The lows it 
thin lamina 


~” iron im the 


ateria This 


an . 


ft electry 
magnetic fe 
{ thes energy 
heaung taker 
Power ts thus 
\e magnets 
met cach time a 


steresis — is 


agneti material 


ms than others 


sold dielectrics 


<trc hysteresis 


, revere the 
The 

and in the 
apacitance 
loss and a 


energy 


neulatior 
also by 
tances aa 


twisted together on a contra! core of paper atring to form one quad 
Keach quad is lapped with a coloured cotton whipping The quarts 
so obtamed are stranded into a symmetrical cable commencang with 
a core of 1, 3, of 4 quads and continued in quads arranged in layers 
The sumber af quads in each layer is six more than im the preceding 
layer, vatil the required number of circuits is obtained. Adjacent 
quads and layers are given « different lay. or length of twist, and 
adjacent layers are stranded in opposite directions to reduce cross 
talk The cable so obtained ts covered with two lappings of paper 
and « lead sheath 

The conductors in a quad are whentified with coloured markings on 
the insulating paper, alternate quads in each layer being so marked 
with red (R quad) or blue (A quad) ink. The quads are identified 
by the color of the cotton whippings 

Sketch (+) shows a cross section of a typical 2-tube coaxial cable, 


Considering one of the coaxial tubes, the inner coaxial conductor 
consists of a solid copper wire. The outer conductor consists 
of a single longitudinal tape bent round to form a tube with 
a batt joint as shown in the sketch, the joint being crimped to 
maintain rigndity Two mild steel tapes are helically wound over 
the copper tube, and these, in addition to mechanical advantages 
have a material effect in reducing crosstalk. The ideal diclectric 
between the inner and outer conductors is air, but since some solid 
material must necessarily be introduced to retain the inner con 
ductor in a central position, this cannot be wholly obtained In 
the typical cable shown hard rubber discs, spaced at intervals of 
about 1:25 inches, are fitted over the inner conductor to centralise 
it in the outer conductor The cable shown has two coaxial tubes 
and two groups of four quads of 20-1b. conductor arranged in the 
spaces shown. The groups of quads are lapped with paper The 
ore made up of the two coaxial tubes and the quads is given a 
wrapping of paper followed by the outer lead sheath 


" Slate the properties which solder should posse when used for 
telecoommunication work and the factors to be comsidered when idewing 
to emsuve a good commection What are the main faults which can occur 


” idering 


4 ” Soft solders are of the tin-lead type, having, in certain cases 
special additions The properties which solder should possess are 
@) Have a lower melting point than the metals to be jouned 
4) Showld wet the surfaces to be joined Inaufhcsent 
wetting of the surfaces gives rise to poor alloying 
of the solder with the bases metal and causes high resistance 
points 
Must be free from brittleness and have reasonable mechanical 
strength 
Have good electrical conductivity 
For plumbing solder the plastic range of temperature 
should allow sufhcent time to make 4 wiped joint Por the 
soldering of clectrical jounts the plastic range should be 
small to allow quick soldering 
The adhesive strength of a joint depends upon intimate molecular 
ontact between the solder and the metal This is not possible 
unhess the solder wets the surface of the metal and this cannot 
«cur unless the surface of both the solder and metal are chemically 
lean It ts the flux weed which performs this function and the term 
wider is not complete without mention of flux The properties 
a the flux material are 
@) Should be capable of cleaning the surface of the metal and 
remove oxide from the solder 
Should be stable under heat during the soldering process 
to maintain continual freedom from oxide formation 
Any residue of flux left should be newtral and hard to give 
protection of the joint against atmospheric corrosion 
The main factors to be considered when soldering, to ensure a good 
onnpection, are 
@) Cleanliness To ensure cleanliness, tags etc. are often 
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cleaned eo range and tamed during manefacture. The 
flux completes the cleaning daring soldering 


Correct heating. The temperature of the wldering iron 
@wald be shout 40°C. above the melting point of the 


solder wsert 
(eo) Using the correct type of flux 
The main faults which can ccour in wldering are 
(#) Dry joist. The solder may hold the wire to, may. a tag, but 
may not have coheved to the tag due to the presence of a 
layer of resin flux. It is due usually to ineofficient heat 


during ; 

(>) High resistance joint. This is generally dec to « crystalline 
layer formed between the tinning and the metal [t may 
he the result of a variety of causes such as below standard 
solder, insufficient heat, or faulty pre tinning 

fe) Eucoss solder. This is liable to cause short-circuits between 


adjacent 
id) The Techie cundactintay oat seider iw relatively low and if 
the wire is mot in close contact with the tag the electrical 


resistance of the joint is increased The wire should be in 
chose contact with the tag and the solder should function 
merely as an adhesive and not as a conductor 


Pe. 10,. State, semple shetches, the essential differences between 
¥ loop tests for testing lines, In what crcum 
shamces ts 9 ta anes toed vesed’ 


A. 10, Sketch («) shows the principle of the Varley and sketch (6 
the Murray loop test. Hoth tests may be used for locating an earth 
fault on a line and for locating the position of a contact between 
the two wires. the earth fault test, both require a good 
wire, the good and faulty wires being looped at the distant end 
1 ohma repr the resistance of the good wire from the testing 
point to the distant end. Usually the good wire is in the same cable 
as the faulty wire and 1 ohms may also represent the resistance 
of the fault # ohms represents the resistance of the faulty 
ine from t point to the earth fault Both methods are 
based on the of the Wheatetone bridge and the battery is in 
effect placed between the junction of P and ( and the point in the line 
where the earth fauit exists. At balance, that is when there is no 
deflection on the galvanometer, G, the following expressions may be 
derived 





P 
Varley ‘ 
ands 


and if P 


p 
Murray 


and « Paid 


‘ 


he varied in each case 


P and ( are known as the ratio arms and may 
the distance 


Knowing the resistance per unit length of the « 
of the fault from the testing point can be calculated 
Both tests are based on the same fundamental! principle 
are differences in detail as follows 
(a) The Varley test hase an additional variable arm, & 
) The Varley test offers the additional possibility of throwing 
the switch $ to position |, and measuring the loop resistance 
21. by the Wheatstone bridge method 
fe) Im the Varley test, since the expresmon for 


wmcluc tor 


but there 


* includes the 


EBennen bovonsn tun teldge seine Gent, great care 
must be taken with the measurements since small inaccuracies 
im test will be magnified when the values are of smilar 

tede, as would occur if the fault were near the 

Any inaccuracy in the measurement of the loop 

21, affects the value of « more in the Varicy formula thas 
in the Murray formula. 

In the Murray test, since the balance involves 

ratio of P and (, these resistances need not be 

stnall st even when the is of very low 

This is the main advantage the Murray test 

Varley and P + @Q may conveniently be a 

arranged so that the resistance between two 

retains fixed (P? + () whilst the resistance bet 
these terminals and a third is a variable. 
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The Murray test is particularly suitable for use om short lines and 
in practice it is used mainly for locating the exact position, in a short 
length of cable, of a fault which has been located approximately by 
means of the Varley test. This is because of ic) and (d) above. 
The Murray test is also particularly suitable for tests on heavy con- 
ductors such as coaxial and power cables and when the fault is close 
to the testing point. When the Murray test is used it may be 
necessary to make allowance for the resistance of the leads con- 
necting the bridge terminals to the line wires. 
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Steteh and describe the construction of a metal rectifier of the 
copper erie type For whal Purposes 
may copper oxide rectifiers be used in 
radio recewers 


g. |} 


COPPERQONIOR OFSAS 


the 
oxide rectifier 
the high 
radi receiver 
The rectifier 

of copper disks 
ide formed on 
The disks 
threaded 
with 


A I The sketch 4 shows 
construction of a 
of the type used to 
tension supplies of a 
from the A.C. maine 
consists of 4 number 

each with a layer of 

one side by heat treatment 

have a central hole and are 
on a tube of insulating material 


*pper 
derive 


lead washers between the disks for good electrical contact with the 
hard oxide surfaces. Spacing washers and cooling fins of tin-plate 
are included to prevent the rectifier from overheating, and a bolt 


Gs 


Ho 


4c. 230¥ 
MAINS . 


SHo— 





men through the insulating tube to clamp the whole assembly 


“Theo two purposes for which 


be used in radio receivers are 

(a) Por the rectification of an A.C. mains power supply to 
provide the high-tension supply for the anodes and screen 
grids of the valves in the receiver A voltage doubler 
circuit, a8 shown in sketch (5), ms often used for the purpose 
As the detector, usually in a superheterodyne receiver, for 
which purpose a half-wave rectifier circuit may be weed, as 
shown in sketch (< 


copper oxide rectihers may 


LART «Ff TUNED ™ 465 "ce 
Ame Stace “rEecToR 


6 te 


capacviance valee oscillates 

for the components 
sillahon and the in 
slatimg the wmils om 


Q. 2. Draw the circuii of an inductance 
for use af 1,000 he/s, indicating suct 

Gwe the relation between the frequency 
ductance and capacitance of the tuned corcust 
ploved 


able values 


A 2 The circuit of an 
inductance - capacitance 
oscillator for use at 
1,000 ke/s is shown in 
the sketch The oscilla 
tor has a tuned anode 
cirewit, L,, Cy, with 
secondary winding, Ll, 
to excite the grid The 
arid leak and capacitor 
R,, Cy, provide automat 
bias, and the | Mo/s out 
put through C, is in 
tended for application to 
a high impedance load 
possibly t grid circuit 
of a bufter amplifer 

The frequency of oscilla 
tion and the inductance 
and capacitance of the 
tuned circuit are related 
by the formula 


ae 


i t- - 


1Out1 (closely coughed to | 
im juceng stray capecttances 
» = Ola? 
SO 000 ohm» 
BO 000 obtens 


Medes unpedance trexde valve 


inductance in 


where j 
henries, and C, 


frequency in 


Capacitance in farads 


jiagram how to modulate the 

lator anth —_ 
shal frequency bands 
peech signals in the 


v? 3 I splain with the aid fa 
amplitude of the output of a radio frequency 
signals 1} the oscillator frequency | 
are generated when the output modulated with 
vange 200 to 3,000 c/s 


1,000 4 


leacribed is “Helsing,” or 


The method of modulation to be 
plifer stage has an 


A ClassC RI 


4. 3 
anode modulation power am 
aromas AF CHORE 
Alia 
) SR, ae 
“> 
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frequencies ws known as selectivity and depends essentially upon 
the phenomenon of electrical resonance. Thus, an amplifying stage 
that consists of a pentode valve with an inductor and capacitor 


joined in parallel in its anode circuit will have a voltage gain that 
the tune of resonance 


frequencies, i.e. to select a signal. Now, in a broadcast receiver there 
must be a compromise between selectivity and fidelity, for a carrier 
wave modulated with high quality —_ or music signals will be 
accompanied by 
of at least 5 ke/s above and below the ale frequency. 
the receiver is too selective it may reject some of the higher frequency 
th ts and have a poor quality of response. The 
ideal selectivity characteristic would provide a uniform mae over 
0 Segneeey ea St ee 2° Se eee ee sched by 
response beyond. such a characteristic can only be prow: hed 
the use of a number of critically adjusted, coupled ote onl 
it is not easy to make these sui Se ae It is for 
this reason thet superheterodyne receivers are commonly used for 
broadcast ree In these receivers the signals received from 
the aerials are yned by a local oscillator which is adjusted so 
that its frequency is higher than the wanted signal frequency by a 
fixed amount (often 465 kc/s) known as the intermediate frequency 
Heterodynes are produced with each signal frequency received, but 
that c ing to the wanted signal is sel d by 
tuned to intermediate frequency ; this am 
fixed frequency and so can use relatively com 
circuits good selectivity and quality. Thus, in the example 
quoted, the intermediate frequency ampliher would accept frequencies 
in the range 460 to 470 ke/e and reject all others, and the local 
oscillator would be tuned to 1,465 ke/s. The wanted 1,000 kos 
mgna! and its sidebaods from 905 to 1,005 kc/s would produce inter- 
mediate wencies of (1,465 995) — 470 kc/s to (1, 1,005) « 
460 kc/s, th would be accepted by the amplifier, but the un- 
wanted 1,100-uc/s signal would produce an intermediate frequency of 
365 ke/e which would be rejected. 

However, a signal of frequency (1,465 + 465) — 1,030 kc/s could 
also produce an intermediate frequency of 465 kc/s, and it would be 
necessary to use & sim tuned circuit connected to the aerial to 
accept, in this case, 1,000 kc/s and to reject 1,930 ke/s, which is a 
relatively simple requirement as these two frequencies are widely 
separated. 











the advantages and disadvantages of indoor and 
4 for broadcast! reception 


The main advantages of indoor serials are that they are 
cheap and simple to erect, that t need little or no maintenance 
and that they are small and can concealed. They have par- 
ticular Krone ay for flat dwellers, and pick up a sufficiently strong 
signal for modern receivers, Outdoor aerials, on the other hand, are 
more expensive, requiring masts or poles with stays and insulators, 
and must be able to endure ad verse weather, including thunderstorms 


GQ. & Com 


outdoor 


A. & 
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[hew tmewletors seed one I cleaning. and wied and rain event 
wally rot and fray the ropes. (hutdoor serials are often 
unsightly, end the signals t they peck op from local transmissions 
are usually stronger than neceamary, aad may overioad the receiver 

However, « ttemal voltage is not so important as « low 
mase voltage, indoor serials are bad im this latter respect. for 
most sources af radio interference are mains opetated and the inter 
ference tignals are carried by the mains and radiate! from the house 
wiring. An indoor aerial often runs near maine wiring and clectrwal 
equipment, and ao is prone to pick up interference particolarty 
this so for the type known as 4 “mains seria! Much lew noise is 
picked up by « seitahly placed outdoor serial, expecially one of the 
type in which a vertical rod is mounted high above the erownd with 
matching transformers and 4 screened tramemiasion line between the 
sertal and the receiver 

Thus, to summaries, f there is no trouble from radio interference 
then ecomomy and convenience indicate the use of an imioor aenal 
but if interference is troublesome an outdoor aerial is often ad 
vantageous 
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©. 6 The amade curvent of an indirectls 
Pm A and the potentials at its electrodes are a 
A mde ¢ athinde inet 
( athode F arth w 1 
aleviate wuttable walues for the resistors im the anode and cathode 
sreuits accwming that the HLT. wepply is at TH0V abooe earth potential 


ences 


The cireuit diagram, with the various potential ditt 
It is clear that the potential 


A. © 
od the current, is shown in the sketch 


20 mA 
- 


a, ov 
! t 





ifference across the anade resistor must be #0\ 
> mA ite restwtance is therefore 

wn low 

R, ‘4 
vo 

milarly, the cathode resistor has across iteelf a potent 
10V for « current of 20 mA 
10 Lom 


R 500) obs 
. Pal) ee 


Wei ohms 


«© that its resetar 


fremcfiom f the a 
fa divd 


7 Wheat is the 
eoeinet Ctee the crvcutl diagram 
A 7 The signal input to a broadcast 
mextulated high frequency carrier wave 
to comprise a carrier wave with upper and lower 
all of high frequency Were such a signal t 
a loudspeaker, it would give rise to nm 
the mechanical inertia of the loudspeaker 
urrents of very high frecquet 


aruclibvle 


renpomding te « 
even were the loudspeaker to respond, the | 
woul? be woukl te tee hiwh 
functeem of the 
frequency signal from the mexdulated carrer 
prextuctng an output voltage proportions 
carrier wave 

The circuit diagram of a cic«te 
shown in the sketch The tuned transformer 


prod ed 


detector stage to 


repro. 


letector f 


be commected to the last wtermedsiate frequenc y 
heterodyne receiver V1 is the diode and BR} is its} 
about 500,000 ohma, across which the aucho freque 


40 


developed. The capacitor C3, of about 100 ppF, presents 
impedance to the carrier frequency and a high im 
highest audio frequency, and serves to prevent the flow 
frequency currents in the subsequent audio- 

tages. Capacitor C4 @ for D.C. blocking, and ents the bias of 
the audio-frequency amplifier from being a by the mean diode 


current 


CO. & Explain, with the aid of a diagram, the function of the screen 
evid sm a pemtede valor used im a tuned radio-frequency amplifier 


A. & The primary function of the screen-grid in a pentode valve 
used in a tuned radio-frequency amplifier is to reduce to a minimum 
the feedback of energy from the output to the input circuit through 
the capacitance that exists between the anode and control and 
electrodes. If such a feedback of energy occurs, the amplifier may 
become unstable and have a varying gain, it may oscillate, or its 
frequency response may be afiec ted The screen-grid is a grid 
inserted het ween the anode and the control-grid in the valve, and in 
use is effectively earthed to radio-frequencies through a large 
capacitor. The capacitance that exists in the triode between anode 
and control-grid replaced in the pentode by three capacitances, 
those between screen-gnd and anode, screen-grid and control-grid 
capacitance between anode and control 
remains because the screen cannot be 
perfect, if only must have spaces to it the flow of 
electrons from cathode to anode in the valve. Sketch (4) shows a 
tride valve connected as a tuned amplifier, and C3 is the anode- 
control. grid auses unwanted feedback . its value 
is commonly about Sketch (+) shows a similar amplifier 


and « residual, very small 


grid this last capacitance 


because it 


apacitance that 
Supt 


using « remdual anode-control-grnd 


pentoce C3 m the 
) be of the order of 0-003 anF and C4, C5 are 


capacitance, wh 


the capacitances between screen-grid and the anode and control 


apacitances will be of the order of 5apF 
as they may be absorbed by adjustment of 
1, C2 with which they are in parallel. So 
ve i ncerned, the unwanted feedback capacitance, 
» both ams, 1s reduced from about SguF to about 0-003 uyF 
the reduction obtained in practic ai use 
1000/1 because of stray capacitances 
© wirtnhg 

tion of the screen-grid into an R.F 
amplifier valve ) increase in its anode impedance This ist 
parallel with the anode tuned circuit, which 
f the amplifier The degree of 
ircatt impedance and, for a given 
ves can be used with tuned circuits 
triode valves, and so can give a 


These 


grid reapectivel 
eflect 


uf the screen-end 
will not, however, be ir 
m the 

Another result 


by the use 
the rati 
vaivehoider and in tt 


{ the introdu 


predance ts 
it la np. re ’ n a” oe tivity 
lampng 
legree { 
f muct / mped : ar 


higher 


” } j d a hot-wire ammeter, full-scale deflection 
100 = measure the aerial current im a medium 
eave ra we itt ‘ serial current being 2 amperes 

er of remstance | ohm and full-ecale 

slapted to measure a current of 2A by 

shunting i t sita w resistance A convenient full-scale 
leflection f nt would be 5A, so that it is required 
that 4-0A al gh the shunt when 0-1A passes through 
the meter, i ‘ eustance should be J, of the meter's 
remstance 
In the neter shunt for use with radio-frequency 
urrents, cert t t ure necessary to avoid errors Thus, 
an appreciable mductance; it should not, 
mn a bobbin but rather of a short, 
between the terminals 


the ahunt atx 
therefore 


straight meter 





RADIO I, 1958 (continued) 

resustance, may be comtuned im a shunt conssting of a number of 
thin, st t wires connected in spe im the ye torte 
formation ted in the sketch meter ts then connected 
serves with one of the wires as shown, and as all paths have the same 
indectance the current divides evenly 


th 


A thick conductor will have bess imu n ar 
and so is to be preferred. On th het 

the radio-frequency and the blow-freqe 
greater for thick than for then cond 

were weed it wouk! not be pousible heck 


a thin maluctor 
fiffereme between 
vy aw DA reatsetances is 
that if a the k conductor 
the : shon of the 
METER © SERES OTH COE WHE VO. 10. A emperheteredyur reoeicer t tuned f reeeiee «4 CW. tle 
graphy sagnal of frequency 10,000 be /s, the setermediate frequency + 
1.000 Ae/s amd the frequency of the audio telegraph agnal output +s 
l dele To what frequencies may the first and second beating ox lator’ 
be set 


The first beating oscillator must be set to produce a differ 


A 10 
uoncy, Le. to 


ence trequency of 1,000 koje with the signal freq 


(10,000 + 1,000) — 11,000 koje, oF to (10,000 1,000) — 9.000 koje 
Semilarty, the second ‘beating oscillator must be set to produce . 
difference frequency of | kc/s with the intermediate frequency, | ¢ to 


1.oo1 keys, or to (1,000 1) 


both of the 


> frequency 


shunted meter on LD ¢ 
Jemrable properties 


1008 + I) 908 kc 's 
—-e--_-_ 


LINE PLANT PRACTICE I, 1998 
So long as there is no non-earthed power conductor within 
4 ft. of a P.O. pole, 
(a) the 4ft. clearance specified in (i) may be reduced to 3 f 
between flower and lef * ines are «smalls where the provision of 4 ft. would be difficult or costly 
fr ctwded and why (6) The clearances specified in (i) and (ii) may be reduc 
to 2 ft. where no appreciable changes in sag are likely 
to occur under the worst conditions of temperateur 
and we loading 
These clearances are specified to ensure that under the worw 
conditions normally designed for there shall be no risk of contac 
between the telephone wires and pon-earthed power wires due ¢ 
changes in the sags of the two sets of wires. The 3 ft. clearance i 
(it) gives relaxation in the case where the earthed neutral is the pow 
conductor nearest the telephone wires. The relaxation in (iii) (6) 
sin Saeeh Mes ts deo t ‘ ak et Geotiial intended to meet the case where a power line pole and a telepho 
This is alied the draw line f line pole are little more than 4 ft. from the crossing 
Another N« , ine is fastened 1 ve top arm of the NOTE —thase telophase wires are not nowadays ereetel to cross eer power wire 
telephone pole of ne i whether the latter are insulated of pot) bet the methed described above woah! sory 
end of the lengt? whic! . lf times span 
length) is thrown 
over the tor 
the span 
The ©. 12 sasl 
through them are 
operation wh 


| telephone were mm) 
wiage wares af 
What clearance 


i Describe a 
" an existing overhe 
about the middie 


‘ i The method dex ase of sash lines 


to keep the telephone li 
rubber gloves, tested t 
additional safeguard 
The order of operations 
a) A No. 12 sash line 
lengt) of spar f 
loops of N 


power wires bet 


be worn as an 


i¢ times the 
with 6 im 


> saal 


, sast 
span, the free 


prevent 
wire of, op « windy dey, being blown upwerds inte content with 
it wouk! prevent the iniephome wire wagging om to the power commu: tor 
4a Lehephone wire being run ove 4 prwer wire ® given above to cover the case where « 
wanda ' wire (fe BPO. practice only PB). insulation of equivalent & per- 
ommbhe to Crom abewe @uwer wires The moxtificetions of the meth«! when a teir 
phome wire @ to cro unde power wires will be otpwioes 


ws and taken 
‘ ther end of 
The si nm this . ne is then taken uy 

he draw tine 
sash line of 


the power 


conductors bringin 


being as show 


N® 2 SASH LINE 


i 








irrangement 


peration the 


Ne 5 SASH LINE 





pulling bine 
loops is kept 
sash line wm ther 
pogition at nl 
above the pow: 
The tek phone 
end of the draw 
above ana j 
my cut ~ 
When the tel 
regulated and 
are releam 
The loops are 
clearances at 


4%. 0 im 
telephone | 
L.V. power 
3 ft. O im 
head power | 
line 


Yy. 2 1 development scheme has been prepared mmvolvimg the erection 

/ fue cross commection cabinets, 18 distribution pillars and associated 
inctwork im an urban area. Enumerate typical difficulties that may 
arise in obtamung the necessary wayleaves and the methods by which 
they may be overcome 


A. 2. Typical difficulties that may be met in obtaining consents 


to the placing of cabinets, pillars and associated ductwork are as 
follows 


( atumets 

i) Allegations of obstruction of traffic -met by 
nvonding congested and narrow footways or parts of footways, by 
siting close against a wall or fence, in a recess, down a side-street or 
passage, ofr on a verge with its back towards the carriageway 
Failing any such site, seek a wayleave to place on private property 

i) Obstruction of the clear view of road vehicles approaching a 
street junction of intersection. met by avoiding such locations, of 
{ essential to place there, site against a wall or fence as in (i) so that 
when opened for acoess there is no obstruction to a vehicle driver's 
veww 

it) Semilar objections to (4)) when the site selected is on a traf 
island of “ roundabout Avoid such locations unless the view ws 
already obstructed by trees, shrubs or by other fixtures 

iv) Objection to number of fixtures existing in certain locations 
e.g. a suburban “ parade of shops. Where such fixtures include 
pillar box and telephone kiosk, the cabinet facilities may be obtained 
ina specially fitted kioek 

v) General explanations to authorities concerned that work at 
cabinets, after initial installation, is of short duration and causes 
less obstruction than an open joint box with its essential guard, et 
which is the alternative, help to overcome objections 

vi) Interference with use of private property if placed there 
the space required is small and a recess formed im the fence or wall 
line can frequently be obtained Alternatively installation of a 


4! 


pedest nan 








atent since P.O. pillars are 
ft 6 in. high, and can be sited unobtruavely 
iidings, walls, etc.. in the 


* now comparatively rare, 


binets may cause obstruction 
operations —obeervance of norma! one third 
of road width and agreement with Road 


one 
(t) Track may interfere —— future improvement schemes 
avoided by advance exchange of information on future works and 
enquiries at survey stage. 
(ii) Demand for reinstatement of excessive width of footway 
sen Sor wmf made up of resurfaced. Avoid 


tions. Otherwise, it is for 
to as good « condition as 


width of footpath by ducts and bends 

joint box to cabinet or pillar..met by siting joint box close to 

latter or by laying at a depth to leave space for other under 
ore mains. 

(v) Ae regards ate (i.e. unadopted) roads, securing consent of 
owner of the Peete Ea, cactepeen reads | Le. of each owner 
ted. Consent can usually be obtained readily for a short spur 

a cabinet or pillar. 

(vi) Consents for continuous lengths of track in wnadopted roads 

apart from objections on other than engineering grounds may be 

on concern about weakening of road by cutting a trench 
ttention to ensure that in individual cases the P.M.G.'s liability to 
ore the road to as good a condition as it was in before dis 
urbance will make consents easier to obtain in other cases in the 
area in future. 


3. Starting from the cable serving a distribution pole, trace the 
tions through to the subscribers’ bare wire lead-in, deseribong 
teeularty the jownts made between the various comdwetors wed 


3. The lead-covered cable is terminated in a block which & 
nted on the pole and contains sufficient terminals for each 
ire in the cable. The terminals consist of small plates which are 
itted on the fromt of the block. At one end of cach plate is fitted 
mall tube to which an individual wire in the port is soldered 
ter it has passed through the back of the block. At the other end 
the plate is a screw terminal and under the head of this screw is 
minated a single wire of « one-pair cable which is run to the 
lators on which the wires serving the subecriber are terminated 
sketch). Both wires of the one-pair cable are taken into the 




















1pm /iad Le. cases 


of the insulator, the cavity being reached through 
holes undernea’ One of the wires is connected to the open wire 
terminated on the insulator. The joint is made by passing both 
wires through the same end of a copper sieeve about } in. long and 
pear-shaped in section, When both wires are in position the sleeve 
is compressed by a special tool which imparts a W-shaped crimp 


cavity at the 


open wire tail making a crimped joimt as 
The crimped joints are made so t 
the insulators, the cavity being filled 
after the joints have been made. The 
cavity and serve to keep the two joints 


hat they will 


The connection between the open wire 
cable at the subscriber's premises is made 
connection described above between the cable from t 
block and the open wires, the |-pair lead im this case going to t 
subscriber's protector and fuse fitting 


z 


QO. 4 A 104d. wire has a spon of 55 yd. Calculate the tension on the 
wire when if is subjected to @ horizontal wind loading of 0-06 lb./ft. if 
under this loading the dip is 10 in 


wt_/ft. run of wire 
70/5,280 Ib./ft. 
0-05 tb. /ft 
Ve+e 
ovis > O08 
0-062 Ib./ft. 
Now tension W. — 
ov 

span, and @ = dip 
0 O52 x (86 x 3)* 

sx iit 
212-4 bb 


A. 4 Vertical loading, w 


0-013 Ib. /ft 
Horizontal wind loading, A 
Resultant loading W, 


where 
Inserting values, 
* 
Describe briefly the construction of @ small concrete surface 


In what corcumstances 4s construction im 


omcvete ? 


0. & 
joint bow om the footway 
brickwork to be preferred to « 


A. 5. Before construction it must be ascertained that the site is 
free from obstructions To establish this, and at the same time to 
determine the line on which the box will be constructed, a pilot hole 
is excavated at right angles to the line of duct it is proposed to 
intercept. The excavation for the box follows, The size of the 
excavation is governed by the external dimensions of the box to be 
built. In concrete construction the excavation should be equal to 
the external dimensions of the box since the soil forms the outer 
mould. (In brickwork construction the excavation should be 14 in 
greater on the ends and sides to provide handroom for @ the 
bricks in position With the desired excavation com and, 
im the case of construction on existing routes when the cutting of 
the duct or pipe has been carried out, the foundation is and 
summed if necessary, ic. unless it already forms a firm level bed 
Tn loose soils it may be necessary to support the sides of the excava- 
tion with timber In such cases the distances between faces of the 
supporting timber should be equal to the external dimensions of the 
box to be built. If a sump is to be provided the excavation 
necessary for this should now be carried owt, Concrete of 1:2:4 
quality using Portland cement should normally be used, the mixing 
of the aggregates and quantity of water used being carefully 
controlled 

The concrete for the floor is first laid to the required thickness 
which, for a Post Office type of footway box, is 3in. The shuttering 
for the walls is then placed into — 80 a8 to leave the required 
wall thickness of 34 in. between the excavation sides and shuttering, 
and the latter rigidly supported by the use of pieces of timber 
placed vertically in the four corners and cross-strutted at the top and 
bottom. Care should be taken that the ducts are protected against 
entry of concrete during construction 

The concrete for the walls is now ced in position and well 
tam ped As the walls rise, brackets or Lewis bolts for cable bearers 
should be inserted at the correct positions, Where a concrete roof 
is required over part of the box (e.g. as in Post Office JRF type), 
the shuttering for the roof should be set up and supported by cleats 
fixed to corner timbers and side shattering at such a height from the 
footway surface as to allow for depth of cover frame and thickness of 
concrete roof. Then concrete, | in. thick, is laid and the reinforcing 
material is embedded in it Additional concrete is now added to 
make up the «specified thickness. The box should be guarded 
against damage from jarring during the setting of the concrete, and 





until at least 24 hours have 


the shuttering should not be “struck 

striking the shuttering the floor is rendered with } in. of 
cement tortar A frame and cover is Gtted, the frame being 
bedded im cement mortar to as near the correct level as possible and 
the cover im the frame. The cover must be checked for 
rocking adjusted if necessary so that frame and cover are firm 
and level. The construction shoaki not be subjected to any loads 
until 48 hours after the placing of the concrete 


6. Describe a modern method of laying an wadergrowad cable 

y im the ground withoul enching. Why, in practes, ts such a 

seldom employed despite its evident advantages in speed and 
ecomomy ~ 


A. @ 
trenching, a moledrainer would be used 


ory 


7 
COULTER 
WhE CL 


To lay an underground cable directly in the ground without 
The sketch shows the 


ABLE ENTRY 
s 





CABLE FEEDING 
TUGE 


OEVELL EO CuT fine 
€oce 





Die BLADE ‘BORE 


main features of the machine, which are 
(1) A cireular coulte, which cuts the soil in front of the blade 
and prevents clogging 
(2) A blade which can be adjusted to cut 
maximum of about 20 inches 
(3) A cable-feeding tube or tubes fitted at the rear of the blade 


to any depth to « 


(4) A mole, which is a cylindrical rod tapered at the front 


These components are fitted to a chassis which may be mounted 
oa wheels or, for smaller types of machine, on skid plates 
At the commencement of the work, the cable end is passed through 
the tube and anchored to prevent it moving forward during the 
laying of the first few yards. The blade of the machine is thes 
lowered into ar excavation made at the beginning of the cable run 
and towed along, either directly behind a tractor or by means of a 
hawser from the tractor’s winch As the machine moves forward the 
cable is paid into the top of the tube and passes through it into the 
bore made in the ground by the mole The cable can be. fed to the 
moledrainer directly from the drum carned on jacks in the back of a 
vehicle, or it can be laid out parallel with the proposed route before 
moledraining commences. A third method is to carry the drum on 
a special trailer which can be towed along between the tractor and 
the moledrainer. The choice of method will be governed by local 
conditions, ic. available space, nature of the surface, et 
At the completion of the work, the cut and any slight upheaval of 
the surface made on either side of it by the blade should be flattened 
by running the wheel of a heavy vehicle, preferably the track of the 
tractor, over the disturbed surface 
The following are the main reasons why this method is not fre 
quently employed 
(e) It is often difficult to provide another cable at a later date 
along the same route as a moledrained cable. Uniess there 
is plenty of space, to moledrain the second cable would 
incur the risk of damaging the existing cable 


Moledraining is limited to 
reasonably soft and free from 


places where the ground is 
large stones and tree roots 


The frequency of crossing of other services, e.g. electricity, 
gas, etc., with an enforced stoppage at each one, and the 
necessity to trench by hand in the vicinity of the service, 
often makes moledraining uneconomx 

) Unieas there is a sufficient amount of moledraining work (or 
other work on which a tractor may be em ployed) to keep a 
tractor in reasonable use within « certain area, the cost of 
transporting a tractor, and possibly a cable-drum carrier, 
from a distance to the site has to be added to overall costs 
of running the machines. The total cost then often makes 
the use of such plant uneconomical unless there is a con 
siderable length of cable to be laid 





HALF SECTION OF LEAD SEAL AT OUCT ENTRY 
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iron-bar Cables entering the manhole pass through 

° to the duct-bores, the seal 
61. thimbles on the cables, — 

csmary, and plumbing them to the at 
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1 
ft 
Hi 


7 
| 


I 


is applied around the ducts and a j-in. bed of 
On each aide of the ducts, aad above 
. expansion bolts are fitted. 
te is used to facilitate accurate positioning of 
drilling 


Raa 
ALE 
Hi 


-wiped around the edge to the lead-covered 
need to be cut into two or more sections, ac 


the two sets of six ways, wn being inserted betweea 
coc 


this bar and the face plate. Suita ks are provided for release 


of water and for carrying out gas tests. 


? 8. Desoribe briefly the process of electrolysis of a simple solution, 
aplasn how electrolysis affects underground telephone cables 


A. & Iftwo electrodes are immersed in a solution of copper 
sulphate (sketch (¢)) and a direct current is passed from one electrode 
to the other th: the solution, electrolysis 
6 eS ee The copper 
sulphate when in solu dissociates into 
charged or ions, the ion carry- 
ing @ positive charge and the sulphate ion a 
——e charge. CuSO, Ca’ + SO 
fhen a current is passed through the 
sulution, the positive ions move towards the 
negative electrode (cathode) where they give 
up their charges and are his 
clevtentn, the cathode, Scie: Eeoaniee 
in weight. The tively charged sulphate 
ions are at towards the positive 
electrode (anode) and on reaching it t 
react with it to form copper sulphate whic 
goes into the solution to replace that lost 
in the initial decomposition 





LINE PLANT PRACTICE 1, 1958 (continued) 


The amenot of an the anode » proportional to 
the quantity of Tity passed throwgh the salution and to the 
cle trochemical equivalent of « i(Paraday « Laws 

When a lead-covered cable, bying in «4 moist werrownding has 
packed ap leakage current from a flauity [).C. maim on boon 
system (sketch (4), it acts as ong electrode of a wyetem Cotresponding 


a tramway 


aT OME TUr OF OME TUN TO 
are CATED NEGATE OF |B anemey 
var toad Raa wid 
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Canoe aA 6 6ECTerTS 


und 
as the 


ty the senple system described abowe — the moisture in the eurr 
ing stl, med, ete. containing various salts and acids 
glectralyte, Thus, in the pick-up area the cable in the oegative 
@lec trode, the cathode, and is not attacked. but in the area where the 
cerrent leaves the cable the latter is the anode and attacked by 
the negatively charged ions (anions) corresponding to the sulphions 
, of the om ple sd Thus, it ie this latter area where the leak 
current leaves the cable that is corroded at a rate dependent on 
densty of the current flowing 
ases of “long line corrosion” where the cable 
}s to earth as it passes through different kincs « 
te may be similarly explained in principle since the 
1 to flow te equaliee the PD.» Alan, cases of chemical corrumon 
doe to the formation of small anodic and cathods 
*« that corrosive putting 


acts 


fittlereot 


4 sotls along ite 


assumes 
urrent will 


areas mm ¢ 


takes place 


7 an crhcad vrowle 


wier, if fevalion 


” 1 sertows storm has brought down a mils 
eng 36 wires erected om stout poles Give, in 
be followed by which temporary service may be groom yas Al 
0 The steps to be taken to give service quickly are as follows 
Road Clearance. Pirst the route must be gone over 
clear fallen wires from the highway, from fallen trees, et and 
ensure that there are no dangerous contacts with powe 
this stage it ie sufficient to gain assurance as to hive ntacts 
to put fallen wires oat of harms way, in hedges, fastened to trees 
or to cut away a6 fHecessary 
Prelmnary Surveys must 
oximate extent of the damage 
nm © that the easiest and speedtest method of giving temporary 
ice may be judged, and information obtained on the quantity 
type of stares required for repairs. These surveys are important 
ving control of operations, and minimising wastage 
porary repair work to sections and 
iy work would delay restoration of service 
Y eration with Staff controlling le Phone raft 
ry to determine what alternative outlets 
normally routed on the storm damage 
priority must be followed in the rest: 
that must follow the route of the damaged probe 
farther damage in adjacent areas a guide will be ol 
retjoirements and the order for inking up with tempor 
works there 
4. Methed f greene 
these days, « large overhead one, it is likely 
vuntry, and assuming that poles and wire 
are not readily available for immediate pern 
the urgent need for redoration will not pern 
oF permanent repairs, the ase of serial intert 
mevlated, towgh rulbber-sheathed ty 
Poet Cffice it @ available in & 


with men 


wires 


determine the 


made to 


of poles and wires 


then he 
nhumbers 


by limiting 


items where perma 


wits 
, al 


serve lempPorarti 


rubber 
im the 


which will, in this case, meet the needs for 


wires broken down. This cable ip jointed on to the wires at 
poles at cach end of the damaged section of route and either 
along the hedgehank, om the hedge rteelf or roadside fence, or 
to trees, et<.. along the route 

Alternatively. uf there = an underground cable along the 
as the damaged O/H route, all or some of the wires-- 
the number of spare pairs available may be diverted to to the cable 
if the consent of the controlling officer is obtained. Such a course 
will generally mvolve diverting the circuits com y to ander 
ground over the whole length between points either "ade of the 
damaged section of OH route where the cable is lead into buildings 
Generally, cutting into the cable along the route will not be necessary 
and ts to be avoided where possible 


The bead sleeve has been removed from @ sount im @ 1,000-paw 
and if 1s known that a certain pair carrying @ dis 
timctive tome is disconnected af this joint. How would you identify 
the paw withowul making metallic comtact with this pew or any other: 
and outline the theory of the tester used for this purpose 


YG 16 
paper cove cable 


xlentify a particular pair to which tone has been applied, 
ontact at the test point with this pair or 
depending apon inductive effect is used 


4 0. Te 
without making metallia 
any other pair a tester 
The tester comprises 
@) two probes one sensitive and one selective which are in 
effect metal surfaces of specific size and setting in suitable 
holders with leads attached 
6} an amplifier 
(c) headphones 
@) batteries, connecting leads, etc 
The test arrangements are as shown in the sketch 
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Since tone is already connected to the particular pair sought, it 
is not necessary to verify that the pair is a working pair and testing 
may start by commecting the tester to earth and plugging in the probe 
and headphones, the latter action completing the L.T. circuit. By 
inserting the long, sensitive probe among the wires of the joint, 
the approximate position of the pair sought may be determined since 
the nearer the probe is to the pair sought, the louder will be the 
tone in the headphones. The pairs may then be tested similarly 
group by group and the group in which the pair is located divided 
mto smaller and smaller groups until the wanted pair is located 
In the selection the difference in tone between the last two or three 
pairs in the final group is slight and the short selective probe —4n 
which the metal strip is shielded to a greater extent than in the other 
probe should he used 
The theory of the tester 
tina an elex 


on the fact that the probe is a 
field, created, in this case, by 
the A.C. applied to the wanted pair Thus, if at any instant the 
charge on the sought pair due to the buzzer is as shown on the 
fiagram, the charge induced in the probe from the nearer wire will 
be m the opposite In fact the polarity of each wire will 
alternate since the buzzer produces A.C., and there will be corres 
ponding positive and nega e charges induced on to the probe in 
amplified, are received in the 


is based 


device for detex trostat 


wos 


succession The resulting signals 


he adpix nes 





plow om the Agure 


g lh. Theos vesistors A, B.C ave nnected «@ 
Find 


below, and a 2) batters is commected betwoem the tormimals 1 amd 

the curvent taben from the battery and the 0.4. aor ‘ 
df the terminals « and © are now chort-covrcmtted. hud the 

flows in B and the power dissipated om ¢ 


wrrems wha 


:—ivr~ 


$< . sre tn mele the 


e battery 


mnected the 
SOohms 
from 








the urrent 


uitedi, the 
as in the sketch 
[ Bend C m 


shart iT 


The total resistance 
The voltage across ( 
Current in B 


and Power dissipated in ( 


v 2 Describe the nstructhon and * j poration of @ mouwmg 
cou ammeter, including im your ansux 4 hots he tdiue stv ote 
(a) the distribution and dir c field in the air gap 
b) the relative urven! om the 


moving cou, and the 


direction iin , net field, the 


1 operation 


\ 2 The ; 
of the moving-coil ammeter 
passed through a smal! 

is pivoted so that it canr 


Motor pry pie 
, measured is 
ed wire, which 

i (sketch(e)) 
y the current in 
hetd 


lagnet ” 


te with the 


expernences «a 

se which causes it 
the restoring 

r springs, which 

y the current to 
wtech are oon 
mat the restoring 
the cal & 
their angular 
nd uniform im 

by a soft tron cylinder 
et, as in sketch (6 


The permanent magnetic 
strength over the path swept 
fixed concentrically with the pole faces of th gt 


POLE PECES OF 
ORECTION 


CURRENT COR COMING 
OBSERVER 


@ Caner ™ COM MOVING 
away FROM OBSERVER 


te} 


TELECOMMUNICATIONS (PRINCIPLES) I, 1950 


Thas, as the field strength, due to the cot! itaelf, & proportional to 
the current to be measered, the on its to this 
current. The coil will rotate until the restoring torque exerted by 
the control springs is equal te the deflecting torque due to the 
current being measured 

When the coil reaches its position of equilibrium, the oot! current, / 
is proportional to the angte of deflection, @ 

or,@=Al 
The sensitivity or deflection per unit current, 4, is, therefore 
Am OH 
& = directly proportional to the number of turns on the moving 
coil, the of the permanent magnetic field in the air gap and 
inversely to the stiffness of the restoring springs 

The relative directions of the feid, the current in the coil and the 
deflecting torque can be determined by Fleming's Left-Hand rule 
They are shown in sketch (c) 

Means for damping the movement of the coil must be included in 
a commercial instrument, to prevent the needle from oscillating 
about its position of equilibrium and taking a long time to come to 
rest. Damping is a method of dissipating the kinetic energy of the 
moving-coil assembly without affecting its final position of rest, and 
tt usually achieved by winding the moving coil on a light aluminium 
former which, besides acting a8 a firm, non-magnetic support for the 
coil, provides a single low resistance turn moving with the coil 
the magnetic field of the air gap. As the coil assembly moves, 
E_M.P. i induced in this single low resistance turn and creates 
large circulating current the magnetic feld of which reects with ¢ 
field of the air gap to resist the motion of the coil 


Vv. 3 dn wunhnown resistance is to be determined asth the aid of 
uniform slide-aiee potentiometer, a 48-ohm resistor, a sensitive com 
reading galvanometer and 4 2 voll battery 

Shetek, and explain the principle of, the civewit you would use If 
potentiometer wire has an effective length of ome metre and a bala 
0s obtained with the dider 4 om. from the ond to which the 44 « 
veststor 13 commected, whal ts the value of the unknown resistanc: 


A 5 The circuit should he set up to form a Wheatstone brid 
The potentiometer will thus provide the two ratio arms, AB, I 
one side of the galvanometer being connected te its sliding contact, 
The 48-ohm resistor and unknown X ohms in series will provide t 
other two arms with the second terminal of the galvanometer cx 
nected to their common terminal. The 
carcuit is shown in the sketch 
To determine X, the sliding contact, 
B, ts moved until there is no deflection 
on the galvanometer, showing that B 
and E are at the same potential 
It follows that the PD. across AB 
P.D. across FE, and that P.D 
across BC PD. acrom ED 
If «, is the current in ABC, and 4, is 
the current in FED, then 
ty Rag wig * X 
andi, x Ree i, ™ 4 
By division, Ras Ree x48 
But as the slide-wire ABC is uniform, the resistance of any portion 
of the wire is proportional to its length 
Raa Rae 4B/BC as measured on the potentiometer scale 
a ge 48 x AB/BC ohms. 
In the example, JC 40 oms., and AC 
., 48 60 cms 











100 cms 


and, X 45 


oo 
“0 ohms 


72 ohms 
—-_ 


0. 4 Show by plotting a sine cree the meaning of the term 
instantancous value of an alternating current.” Use your graph to 

determine the effective value of a current of sime waveform in terms of it 

peak value 

ola 


4. In sketch (4), OPAQK represents one complete cycle 


od 


Tie 


ra 


+ 
t<— 


—- a 
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if the trequency is f </s, the duration of one 

iif seca, so that OF represents 1// secs, During thin time 

from sero at time © to a peak value at F } & Lis 

seca. later, down to sero at A, the hall-cycle point, then to the same 
and w to rero again at 1 

‘alee from sero to its Maximum 

the successive current maxima 


carrent value at any specihed 
or the base betng comadered, + 
the cycle 
darect current which gives 


reststan: « 
on the heating effect of one 
graphically. The original current 
into a number of steps, in each of 
for small equa! intervals of 
Now let the current flow in a 























Tonet 


* resistance of one chm. The heat generated by 4 current + 
ing in one ohm for { secs,, is proportional to #* x | t joules 
each of the current steps in shetch (b) the heat generated will be 
portional to (currvent)*, because each represents the same length 
time 
he height of cach current-step in sketch (6) is, therefore, measured 
red, and plotted in sketch (¢) on the same horizontal time scale 
smooth curve ti drawn through the points so obtained. The area 
ween this curve and the horizontal axis represents the heat 
rated in one ohm for one cycle, and the average height of this 
ve, Le. the ht of the rectangle on the same base giving the 
area, is (/,)* for the original sine wave of current 
he area is found by “counting squares.” It is then divided by 
length OF (taken in the number of squares to the same scale 
result is the height, also in squares, of the rectangle OLMN 
te that the rectangle OLMN is entirely positive because ‘* 
> 
i, ol 
But 1, = VT 
i? ol 
i,* Tt 


Hence, or, i, i, 


ol 
Fi 
It will be found that, OL ~ 4 TY so ‘ - : 4 


Whai ss the difference between an electrical conductor and an 
snsudator > Name three conducting and three insulating materials im 
common wse im lelecommunication equipment! and give an crample of 
the field of appleahom of each 


A. 6. Matter is regarded as being composed of 
negative charges of electricity, the numbers and arrangement of 
which determine the of the material. The negative 
charges, ot electrons, are attached with varying degrees of adherence 
to the parent atom or molecule, the outermost electrons being those 
easily dislodged In some elements, « ¢ copper or siiver, many 
electrons are free to move about from atom to atom within the body 
oft the metal, and, in the normal canditinn of neutral overall charge 
there will be an atom lacking one electron, ic positively charged, for 
every free electron moving about in the matenal! There is & con 
tinvous electron drift as atoms lose and then regain electrons. The 
rate of electron drift depends upon the number of free electrons, which 
ia dependent upon temperature. 


Q. 5 


postive and 


This comdition where free electrons are able to move about withia 


of temperature, the insulator may become a 
The terms “conductor” and “insulator” 
and an insulator may be classed as a conductor having 
resistance. There is also a class of material known as a 
conductor which at room temperature is midway between ; 
the conductivity depends upon the measuring conditions, Germanium 
i a semmt-conductor 
Some conducting materials 





Examples of insulators are mica, used as dielectric in capacitors, 
porcelain, used as line insulators, and rubber, used in wire covering. 


QO. 6. Deseribe with the aid of a chetch the construction of 4 paraliidl- 
plate, air-diclectric, variable capacitor of the type used for tuming 
broadcast recewers, On what factors does its capacitance depend ? 

Caleulate the Pd to which a charge of 354 muicro-micro coulombs will 
raise @ capacitor of this type, if the capacitor has 11 fixed plates, 
10 movable plates, and the effective area of ome side of a plate ts 20 sq. am. 

The atr gap between neighbouring plates is 2 mm. Assume that the 
capaction 1) set af its postion of maximum capacitance 


A variable air capacitor of the type used in a broadcast 


A. € 
It consists of two sets of metal 


receiver is shown in the sketch 


FIREO VANES 
MOVABLE VANES 





SPACERS \WNSULATING SUPPORT 


vanes, one fixed and the other movable, which are equally spaced 
and interleaved. The vanes are usually made of aluminium. 

The fixed vanes overlap the movable vanes sli y so that they 
can be supported by screwed metal rods. ick washers set the 
inter-vane spacing. The movable vanes are assembled, again with 
similar thick washers as spacers. on a single rod which acts as the 
spandie. The bearings for the spandie are mounted on the framework 
from which the fixed vanes are supported and insulated. The number 
of movable vanes is usually one less than the sumber of fixed vanes. 

A capacitor must contain two insulated electrodes with a dielectric 
between them. In the broadcast capacitor, air is the dielectric and 
the insulated electrodes are adjacent faces of the fixed and movi 
vanes. Its capacitance depends on the effective area and thickness 
the dielectric. For any two adjacent surfaces, the effective area of 


» the air dielectric can be regarded as the area of overlap of the fixed 


and moving vanes. The total area for the itor is equal to the 
product of the area of overlap and the number of dielectrics, which 
is twice the number of movable vanes when all these are interleaved 
with fixed vanes. Thus, the maximum value of capacitance will 
occur when there is the greatest area of overlap, and the minimum 
value will occur when the area of overlap is least. This value will not 
be zero, because neither set of vanes can be completely isolated from 
the electric field of the other. The relation between capacitance and 
angle of movement of the movable vanes can be controlled by the 
shape of the vanes. The capacitance of a parallel plate capacitor is 
given by 
KA ..« KA I » 
~ p f ; —. 

E.S.U. (ome. ied ox yon Parade 


c 
4nd 
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is the effective area of the dielectric (or area of the plates) 
coms. is the effective thickness of the dielectric (or spacing of the 
tes), and K is the specific inductive capacity or dielectric constant 
of the dielectric, assumed to be homogeneous 
For « maltiplate capacitor containing = ox 
interleave with (n + 1!) fixed vanes, the nember 
2e and the effective area of the dielectri t 
area of one plate side is 4 ej. cms 
Por an air dielectric A i 
ee 
4rd % 
Now, for any capacitance 


vable vanes, which 
of dtelectrics will be 
if the effective 


will be In4 


io" Fara taracds 





Charge in mi <7 rulom bs 
P.D. between pilates in volt 

Capacitance in muictro-microfarads 
nie @ given to the 


2-0N 
—- 


if a charge of 354 micro-muict capacitor 
P 


i> 354/1779 
0. 7. Deseribe with the aid 
of operation of a carbon granule microphome 
dwecet curvent is essential to its operation 


“struction and method 
ELaeplas dearly why 4 


f diagrams (tae 


4 7. The carbon granule onsists essentially of a 
small chamber containing carbon granules in which two electrodes 
are immersed. One electrode is fixed; the other is attached to a 
diaphragm which vibrates in sympathy with any sound waves 
falling on it. When air pressure on the diaphragm is increased, the 
carbon granules are compressed slightly lecreases the re 
sistance between the two electrodes. By the reverse 
rarefaction produces an increase in resistance 

This change of resistance occurs at the frequency 
wave impinging on the fiaphrag ¢ i the magnitude 
is closely related to the intensity the wave. If, therefore 
current is caused to flow between the os 
granules, this direct current nf ta 
with an armplitude, representing the . nad 
the current passes through a t 
be transmitted from its second 
The transformer serves to local 
impedance match from the muicr 
sensitivity of the microphone, i.e. the itu f 
D.C. for a given sound wave hragm 


microphone 


which 


process, a 


of the sound 
#f the change 
a direct 
hrough the carbon 
frequency, and 
If, in addition 
ympogent can 
ransmimmon line 
vides an ethcent 

The 
of the 
is given by 


ransmismon line 
hange 
intensity in th hha 
; of the micro 
mange in XR producing 

: arrent J as 


where / is the steady DD i stea resistance 
phone in the absence of any sound, a 
s It is, therefore, advantageous to make 
large as the current capacity of the granule rmite. If it is too 
large excessive “frying noise is produc it is too small, normal 
levels of speech may be distorted due t lipping wavetorm 
in the microphone, described bel R is mut 60 
normally about 50 mA 
The sketch shows a sectional ew of an inset type of carbon 
It hasa 
uur haphragm carrying 
oliow aluminium cylinder fixed to 
A plate of polished carbon 
rode) projects from 
stlk 
The 
ving assembly is made 
The fixed carbon 
i to, but insulated 
aming of the 
faces of the 
are parallel and about 
This space is filled with 


iv ie the< 


the direct 


ft thee 


hme and / is 


ne transmitter 


centre 


nica and 
nule chamber 


f the 


at the 


ranules 

tthe outer casing 

coated with 

material, so that the only 

the electrodes 
\ emall hole at 

ensures 


r surfaces 


nstrument are 








t path betweer 
‘the granules 

wai : ti asing 
~ aif pressure without 
strument The front 
protected by a 


na ti0T 

thin the in 

{ he liaphragm is 

metal grid, and all metal surfaces are 
The instrument is sensitive, has some 
irregular frequency response i to the 
approximately, and gives a fairly high noise 
microphone will work in any position and 
These features together make it the best 
available for the commercial! telephone handset 


rustproof 

lirectional effect, has an 
range 200-4,000 c/s 
This form of 
manufacture 
{ microphone 


larmite 
levei 
it w cheap t& 


ty 
VT" 


tance 100 ohms, is bo be converted to a D.C. amuncter and 
voltmeter. Ii is tf cower the ranges 0-1 mA, and 0-10 mA. and 
0-1 colts and 0-10 waits, Shetch the cirewit to give cack of the 
fows vamges, amd calculate the values of the resistors employed. 


A. & For each of the four conditions, as shown in the sketch, « 


Q. & A milliammeter with full wale defection, | milliamp and resis 
mult) range 


tte 
oe 
NA 


10x 


fhe 


—C)-wwr 


10 nA 
o-tvaT 


op + 


circuit arr ti 


“s 


req d to ensure that the meter current is 
1 mA, when the maximum value of the range is applied to the 
cercwl 


0-1 mA.—The meter alone is suitable as its f.4.d. is 1 mA, 

0-10 mA.--The meter must be shunted by a resistor 2, such that 
when | mA flows in the meter coil, 9 mA flows in the shunt resistor 2. 
With | mA in « meter of 100 ohms, across the shunt (and 
also across the meter) — 100 mV. 9 mA flows in the shunt when 
this voltage ts applied across it 


.. by Ohm's law, & 








100.10°* 
vio" 


0-1V.-A series resistor, r, ohms, is necessary, such that | mA 
flows in the circuit when IV is applied across the combination 


Then 109 + +, = I/Lie 
or, 7, ~~ 000 ohmea. 
0-10V.-If +, is the series resistor, 
100 +, = 1/110" 
r, = 9,900 ohms 


il-l ohms 
—_—_—_—_— 


Q. & When «a coil of wire is rotated in a uniform magnetic field an 
¢.m.f. is omduced between the terminalis af the coil, On what factors do 
the magnitude and sign of this ¢.m.{. depend? Tilustrate your answer 
by shetohing @ graph of the ¢.m_{. for @ complete rotation of the ooil 

Lf the cos contains 5,000 turns and it encl of 2,000 
lines of this uniform magnetic field, find the maximum value of the 
e.m.f. generated for a coil speed of GOO ¢.p.m. 





A. 9. Whenever a conductor moves in a magnetic field an ¢ mf 
ts induced in the conductor which is, at any instant, proportional to 
the rate of change of magnetic linkages linked with the conductor 
For a cail of wire rotating in a uniform magnetic field, the instant 
aneous ¢.m.f. will be proportional to the strength of the field, the 
number of turns on the coil and the sine of the angle between the 
axis of the cail and the direction of the field 

Sketch (4) shows a single turn of the coll. In position (1), the axis 
of the coil is parallel to the field and so no e.m.f. is induced. In 


j 


ra 


position (2), the coil axis is perpendicular to the field and the coil is 
cut the lines of force at right-angles, giving the maximum 
possible e.m.{. At any intermediate position, the movement of the 
conductors in the coi] will have two components at right angles, one 
in the direction of the field and the other at right-angles to the field. 
As explained above, the former will not cause any «mf. to be 
induced in the coil. Thus, the induced e.m.f. is proportional to the 
latter, which is to the sine of the angle through which 
the coil has turned from the position in which no e.m.f. was being 
induced in it. 


47 
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The direction of the emf. i given by Fleming's Right-Hand Rule. 
The graph of the «mf is a sine wave, as shown in sketch (4). As 








@ Cur away FROM OBSERVER 
(b) 


@ Cur Towns COSERVER 


the instantaneous ¢.m.f. is in the same direction in all turns of the 
coil, the total e.m.f. is the product of the number of turns and the 
emf. ina single turn. An ¢.m.f. of 1V is induced in a circuit when the 
number of magnetic linkages with it is changing at the rate of 10* 
per second 
Now, 600 r.p.m 10 « 29 radians per second, because there are 
2e radians in one revolution. 
Maximum e.m_f. induced ‘® x number of turns in coll x 
angular velocity af coil x 10*) V 
« 2.000 — 56,000 « We x OV 
2n V. 
— 


Q. 0. State Paradays Laws of dectrolyns and define the term 
lectro-chemical equivalent.” 
{ thin rectangular metal plate 20 om, x 12-5 om. is to be completely 


0-06 mm. thick, in an clectrolytc tank. // 
4 ¥ current of 2-04 tz thoough the tank, how lomg must the 

remain immersed ? Take the density of nickel at 8-8 grams per 
cubec comtimetre and us electrochemical equicalen! as UAKMIIOE pram 
6 tabom 


michel auth ao 


Faraday 's frst law of electrolyms states that the weight of 
cell s propor 


A 
ions liberated by a current Sowing in an clectrolytix 
tional to the quantity of electricity that has passe: 

If a steady current is flowing, the quantity 
coulombs is the current in amps. x its duration in seconds 

Fareday's second law states that the weights of ions berated in 
various electrolytes by a given quantity of electricity are propor 
tional to the chemical equivalents of the tons 

The clectro-chemical equivalent (E.C.E.) of an clement = the weight 
of that element in grams which is deposited by onit quantity of 
electricity, ic. one coulomb, of an unvarying current of 1A flowing 
tor one second 

When the E.C_E. of one element has been determined with great 
orecision, it can be used to calculate ali the others, by employing 
‘araday 's sepomd law 

The weight of nickel to be deposited 


of clectricsty 


area of both mdes (sq. cms 
thickness of coating 
cms density of nickel 
grams per ¢« 
2 best] 12-5 0-008 » 
S-S grams 


35-2 grams 


Now the weight, in grams, deposited electrolytically by a 

current in a time / seconds 

« Current x E.CE tume 
20 x 0000804 «x ( grams 

« 0-000608 ¢ 
35-2°0-000608 seconds 


onstant 


~—s gTame 
Hence 35-2 
i 


and 16 bra. 16 mins 
ee 
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